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I TOD BEDILION, a citizen of the United States, residuig at 132 Winding Way, San 
Carlos, California, declare that: 



1. I was employed hy Incyte Genomics, Inc. (hereinafter 'Incyte';) as a Director 
of Coiporate Development until May 11, 2001. I am cuirently under contract to be a Consultant to 
Incyte Genomics, Inc. 



2. In 1996, I received a Ph.D. degree in Cell, Molecular and Development 
Biology fi-om UCLA. I had previously received, in 1988, a B.S. degree in biology fr-om UCLA. 

Upon my graduation from UCLA, I became, in April 1996, the first employee of 
Synteni, Inc. (hereinafter "Synteni^'). I was a Research Director at Synteni from April 1996 until 
Synteni was acquired by Incyte in early 1998. 

I understand that Synteni was founded in 1994 by T. Dari Shalon while he was a 
graduate student at Stanford University. I further understand that Synteni was founded for the pui-pose 
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During the period beginning before I was employed by Synteni and ending upon 
its acquisition by Inc>te in early 1998, I understand Synteni was the exclusive licensee of the 
Stanford-developed cDNA microarray technology, subject to any nght that the United States 
government may have with respect to that technology. In early 1998, I understand Incyte 
acquired nghts under the Stanford-developed cDNA microarray technology as part of its 
acquisition of Synteni. 

I understand that at the time of the commencement of my emplo>Tnent at Synteni 
in April 1996, Synteni's rights with respect to the Stanford-developed cDNA technology 
included rights under a United States patent application that had been filed June 7, 1995 in the 
names of Drs. Brow^n and Shalon and that subsequently issued as United States Patent No. 
5,807,522 (the Brown '522 patent). In December 1995, the subject matter of the Brown '522 
patent was published based on a PCT patent application that had also been filed in June 1995. 
The Brown '522 patent (and its corresponding PCT application) describes the use of the 
Stanford-developed cDNA technology in a number of gene expression monitoring applications, 
as will be discussed more fully below. 

Upon Incyte's acquisition of Synteni, I became employed by Incyte. From early 
1998 until late 1999, I was an Associate Research Director at Incyte. In late 1999, 1 was 
promoted to the position of Director, Corporate Development. 

I have been aware of the Stanford-developed cDNA microarray technology since 
shortly before I commenced my employment at Synteni. While I was employed by Synteni, 
virtually all (if not all) of my work efforts (as well as the work efforts of others employed by 
Synteni) were directed to the further development and commercial exploitation of that cDNA 
microarray technology. By the end of 1997, those efforts had progressed to the point that I 
understand Incyte agreed to pay at least about $80 million to acquire Synteni. Since I have been 
employed by Incyte, I have continued to work on the further development and commercial 
exploitation of the cDNA microarray technology that was first developed at Stanford in the early 
to mid-1990s. 

3. I have reviewed the specification of a United States patent application that 
I understand w as filed on February 8, 2001 in the names of Jennifer L. Hillman and w^as assigned 
Serial No. 09/781,1 17 (hereinafter "the Hillman '117 application^'). In broad overview, the 
Hillman '117 specification pertains to certain nucleotide and amino acid sequences and their use 
in a number of applications, including gene expression monitoring applicafions that are useful in 
connection with (a) developing drugs (e.g., the diagnosis of inherited and acquired genefic 
disorders, expression profiling, toxicology testing, and drug development with respect to cancer 
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and neurodegenerative disorders), and (b) monitoring the activity of drugs for purposes relating 
to evaluating their efficacy and toxicity. 

4. I understand that (a) the Hillman '117 application contains claims that are 
directed to isolated and purified polynucleotides having the sequences of SEQ ID N0:1- 
encodmg polynucleotides, for example SEQ ID N0:2 (hereinafter '1he SEQ ID NO: 1 -encoding 
polynucleotides''), and (b) the Patent Examiner has rejected those claims on the grounds that the 
specification of the Hillman '1 17 application does not disclose a substantial, specific and credible 
utility for the claimed SEQ ID NO: 1 -encoding polynucleotides. I further understand that 
whether or not a patent specification discloses a substantial, specific and credible utility for its 
claimed subject matter is properly determined from the perspective of a person skilled in the art 
to which the specification pertains at the time of the patent application was filed. In addition, I 
understand that a substantial, specific and credible utility under the patent laws must be a ''real- 
world'' utility. 

5. I have been asked (a) to consider with a view to reaching a conclusion (or 
conclusions) as to whether or not I agree with the Patent Examiner's position that the Hillman 

*1 17 application, does not disclose a substantial, specific and credible ''real-world'' utility for the 

claimed SEQ ID NO: 1 -encoding polynucleotides, and (b) to state and explain the bases for any 

conclusions I reach. I have been informed that, in connection with my considerations, I should 

determine whether or not a person skilled in the art to which the Hillman '117 application 

pertains on February 8, 2001 would have concluded that the Hillman '117 application disclosed, 

for the benefit of the public, a specific beneficial use of the SEQ ID NO: 1 -encoding 

polynucleotides in their then available and disclosed form. I have also been informed that, with 

respect to the "real-world" utility requirement, the Patent and Trademark Office instructs its 

Patent Examiners in Section 2107 of the Manual of Patent Examining Procedure, under the 

heading "I. 'Real-World Value' Requirement: 

"Many research tools such as gas chromatographs, screening assays, and 
nucleotide sequencing techniques have a clear, specific and unquestionable utility 
(e.g., they are useful in analyzing compounds). An assessment that focuses on 
whether an invention is useful only in a research setting thus does not address 
whether the specific invention is in fact 'useful' in a patent sense. Instead, Office 
personnel must distinguish between inventions that have a specifically identified 
utility and inventions whose specific utility requires further research to identify or 
reasonably confirm." 

6. I have considered the matters set forth in paragraph 5 of this Declaration 

and have concluded that, contrary to the position I understand the Patent Examiner has taken, the 
109259 3 09/781,1 17 



Docket No.: PC-0034 US 

specification of the Hillman '1 17 patent application disclosed to a person skilled in the art at the 
time of its filing a number of substantial, specific and credible real-world utihties for the claimed 
SEQ ID NO: 1 -encoding polynucleotides. More specifically, persons skilled in the art on 
February 8, 2001 would have understood the Hillman '117 application to disclose the use of the 
SEQ ID NO: 1 -encoding polynucleotides in a number of gene expression monitonng applications 
that were well-known at that time to be useful in connection with the development of dmgs and 
the monitoring of the acfivity of such drugs. I explain the bases for reaching my conclusion in 
this regard in paragraphs 7-16 below. 

7. In reaching the conclusion stated in paragraph 6 of this Declaration, I 
considered (a) the specification of the Hillman '117 application, and (b) a number of published 
articles and patent documents that evidence gene expression monitoring techniques that were 
well-known before the February 8, 2001 filing date of the Hillman '117 applicaUon. The 
published articles and patent documents I considered are: 

(a) Schena, M., Shalon, D., Heller, R., Chai, A., Brown, P.O., and 
Davis, R.W., Parallel human genome analysis: Microarray-based expression monitonnu of 1000 
genes, Proc. Natl. Acad, Sci. USA, 93, 10614-10619 (1996) (hereinafter ^^the Schena 1996 
article") (copy annexed at Tab A); 

(b) Schena, M., Shalon, D., Davis, R.W., Brown, P.O., Quantitative 
Monitoring of Gene Expression Patterns with a Complementary DNA Microarray . Science, 270, 
467-470 (1995) (hereinafter "the Schena 1995 article") (copy annexed at Tab B); 

(c) Shalon and Brown PCT patent application WO 95/35505 titled 
"Method and Apparatus For Fabricating Microarrays Of Biological Samples," filed on June 16, 
1995, and pubHshed on December 28, 1995 (hereinafter "the Shalon PCT application'') (copy 
annexed at Tab C); 

(d) Brown and Shalon U.S. Patent No. 5,807,522, corresponding to the 
Shalon PCT application, fitled "Methods For Fabricafing Microarrays Of Biological Samples," 
filed on June 7, 1995 and issued on September 15, 1998 (hereinafter "the Brown '522 patent") 
(copy annexed at Tab D); 

(e) DeRisi, J., Penland, L., and Brown, P.O. (Group 1 ); Bittner, M.L., 
Meltzer, P.S., Ray, M., Chen, Y., Su, Y.A., and Trent, J.M. (Group 2), UseofacDNA 
microarray to analyse gene expression patterns in human cancer . Nat. Genet., 14(4), 457-460 
(1996) (hereinafter "the DeRisi article") (copy annexed at Tab E); 

(0 Shalon, D., Smith, S.J., and Brown, P.O., A DNA Microarray 
System for Analyzing Complex DNA Samples Using Tw-o-color Fluorescent Probe 
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Hybridization . Genome Res., 6(7), 639-645 (1996) (hereinafter "the Shalon article") (copy 
annexed at Tab F); 

(g) Heller, R.A., Schena, M., Chai A., Shalon, D., Bedilion, T., 
Gilmore, J., WooUey, D.E., and Davis R.W., Discovery and analysis of inflammator\^ disease- 
related Renes usini^ cDNA microarrays , Proc. Natl. Acad. Sci. USA, 94, 2150-2155 (1997) 
(hereinafter ''the Heller article'')(copy annexed at Tab G); 

(h) Sambrook, J,, Fntsch, E.F., Maniatis, T., Molecular CloninR, A 
Laboratory Manual , pages 7.37 and 7.38, Cold Spring Harbor Press (1989) (hereinafter "the 
Sambrook Manual'') (copy annexed at Tab H); 



8. Many of the published articles and patent documents I considered (i.e., at 
least items (a)-(f) identified in paragraph 7) relate to work done at Stanford University in the 
early and mid-1990s with respect to the development of cDNA microarrays for use in gene 
expression monitoring applications under which Synteni became exclusively licensed. As I will 
discuss, a person skilled in the art who read the Hillman T 17 application on February 8, 

2001 would have understood that application to disclose the SEQ ID NO: 1 -encoding 
polynucleotides to be useful for a number of gene expression monitoring applications, e.g., as a 
probe for the expression of that specific polynucleotide in cDNA microarrays of the type first 
developed at Stanford. 

Furthermore, items (a)-(g) establish that gene expression monitoring applications 
utilizing cDNA microarrays were well-known and established methods routinely used in 
toxicology testing and drug development at the time of filing the Hillman *117 application and 
for several years prior toFebruary 8, 2001. As such, one of ordinary skill in the art would have 
recognized that the SEQ ID NO: 1 -encoding polynucleotides could be used in toxicology testing 
and drug development, irrespective of the biochemical activities of the encoded polypeptide. 

9. Turning more specifically to the Hillman '1 17 specification, the SEQ ID 
N0:2 polynucleotide is shown at p. 1 as one of twelve sequences under the heading ''Sequence 
Listing.'' The Hillman '117 specification specifically teaches that the ["invention provides an 
isolated cDNA comprising a nucleic acid sequence encoding a protein having the amino acid 
sequence of SEQ ID NO:r' ... (Hillman '1 17 application at p. 2). It further teaches that (a) the 
identity of the SEQ ID N0:2 polynucleotide was determined from a colon tumor cDNA library 
(COLNTUT06) (Hillman T17 applicaUon, pp. 9 and 24), (b) the SEQ ID N0:2 pol>Tiucleotide 
encodes for the TIMMSb-related protein (TRP) shown as SEQ ID N0:1 (Hillman '117 application 
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at p. 2), and (c) northern analysis of SEQ ID N0:2 shows its expression particularly in cDNA 
libraries associated with cancer (HiUman '117 application at p. 9 and Table 2). 

The Hillman '1 17 application discusses a number of uses of the SEQ ID NO:l-encoding 
polynucleotides in addition to their use in gene expression monitonng applications. I have not 
fully evaluated these additional uses in connection with the preparation of this Declaration and 
do not express any views in this Declaration regarding whether or not the Hillman 
T 17 specification discloses these additional uses to be substantial, specific and credible 
real-world utilities of the SEQ ID NO: 1 -encoding polynucleotides. Consequently, my discussion 
in this Declaration concerning the Hillman '117 application focuses on the portions of the 
application that relate to the use of the SEQ ID NO: 1 -encoding polynucleotides in gene 
expression monitoring applications. 

10. The Hillman *117 application discloses that the polynucleotide sequences 
disclosed therein, including the SEQ ID NO: 1 -encoding polynucleotides, are useful as probes in 
microarrays. It further teaches that the microarrays can be used "to monitor the expression level 
of large numbers of genes simultaneously" for a number of purposes, including ''to develop and 
monitor the activities of therapeutic agents" (Hillman T17 application at p. 13, lines 9-14). 

In the paragraph immediately following the Hillman '117 teachings described in 
the preceding paragraph of this Declaration, the Hillman T17 application teaches that 
microarrays can be prepared using the previously mentioned cDNA microarray technology 
developed at Stanford in the early to mid-1990s. In this connection, the Hillman '117 application 
specifically cites to the Schena 1996 article identified in item (a) of paragraph 7 of this 
Declaration (Hillman '117 application at p. 13; supra, paragraph 7). 

The Schena 1996 article is one of a number of documents that were published 
prior to the February 8, 2001 filing date of the Hillman '1 17 application that describes the use of 
the Stanford-developed cDNA technology in a wide range of gene expression monitoring 
applications, including monitoring and analyzing gene expression patterns in human cancer. In 
view of the Hillman '117 application, the Schena 1996 article, and other related pre-February 
2001 publications, persons skilled in the art on February 8, 2001 clearly would have understood 
the Hillman '117 application to disclose the SEQ ID NO: 1 -encoding polynucleotides to be useful 
in cDNA microarrays for the development of new drugs and monitoring the activities of drugs 
for such purposes as evaluating their efficacy and toxicity, as explained more fully in paragraph 
15 below. 

With specific reference to toxicity evaluations, those of skill in the art who were 
working on drug development in February 2001 (and for many years prior to February 2001) 
without any doubt appreciated that the toxicity (or lack of toxicity) of any proposed drug they 
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were working on was one of the most important criteria to be considered and evaluated in 
connection with the development of the drug. They would have understood at that time that 
good drugs are not only potent, they are specific. This means that they have strong effects on a 
specific biological target and minimal effects on all other biological targets. Ascertaining that a 
candidate drug affects its intended target, and identification of undesirable secondary effects (i.e., 
toxic side effects), had been for many years among the main challenges in developing new drugs. 
The ability to determine which genes are positively affected by a given drug, coupled with the 
ability to quickly and at the earliest time possible in the drug development process identify drugs 
that are likely to be toxic because of their undesirable secondary effects, have enormous value in 
improving the efficiency of the drug discovery process, and are an important and essential part of 
the development of any new drug. Accordingly, the teachings in the Hillman T 1 7 application, in 
particular regarding use of the SEQ ID NO: 1 -encoding polynucleotides in differential gene 
expression analysis and in the development and the monitoring of the activities of drugs, clearly 
includes toxicity studies and persons skilled in the art who read the Hillman T 17 application on 
February 8, 2001 would have understood that to be so. 

1 1. The Schena 1996 article was not the first publication that described the use 
of the cDNA microarray technique developed at Stanford to monitor quantitatively gene 
expression patterns. More than a year earlier (i.e., in October 1995), the Schena 1995 article, 
titled ''Quantitative Monitoring of Gene Expression Patterns with a Complementary DNA 
Microarray", was published (see Tabs A and B). 

12. As previously discussed {supra, paragraphs 2 and 7), in the mid-1990s 
patent applications were filed in the names of Drs. Shalon and Brown that described the 
Stanford-developed cDNA microarray technology. The two patent documents (i.e., the Shalon 
PCT application and the Brown '522 patent) annexed to this Declaration at Tabs C and D 
evidence information that was available to the public regarding the Stanford-developed cDNA 
microarray technology before the February 8, 2001 filing date of the Hillman T 17 application. 

The Shalon PCT patent application, which was published in December 1995, 
contains virtually the same (if not exactly the same) specification as the Brown '522 patent. 
Hence, the Brown '522 patent disclosure was, in effect, available to the public as of the 
December 1995 publication date of the Shalon PCT application (see Tabs C and D). For the sake 
of convenience, I cite to and discuss the Brown '522 specification below on the understanding 
that the descriptions in that specification were published as of the December 28, 1995 
publication date of the Shalon PCT application. 
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The Brown *522 patent discusses, in detail, the utiHty of the Stanford-developed 
cDNA microarrays in gene expression monitoring applications. For example, in the ''Summary 
Of The Invention" section, the Brown '522 patent teaches (see Tab D, col. 4, line 52-col. 5, line 
8): 

Also forming part of the invention is a method of detecting 
differential expression of each of a plurality of genes in a first cell 
type, with respect to expression of the same genes in a second cell 
type. In practicing the method, there is first produced fluorescent- 
labeled cDNAs from mRNAs isolated from two cells types, where 
the cDNAs from the first and second cell types are labeled with 
first and second different flourescent reporters. 

A mixture of the labeled cDNAs from the two cell types is 
added to an array of polynucleotides representing a plurality of 
known genes derived from the two cell types, under conditions that 
result in hybridization of the cDNAs to complementary-sequence 
polynucleotides in the array. The array is then examined by 
fluorescence under fluorescence excitation conditions in which (i) 
polynucleotides in the array that are hybridized predominantly to 
cDNAs denved from one of the first or second cell types give a 
distinct first and second fluorescence emission color, respectively, 
and (li) polynucleotides in the array that are hybridized to 
substantially equal numbers of cDNAs derived from the first and 
second cell types give a distinct combined fluorescence emission 
color, respectively. The relative expression of known genes in the 
two cell types can then be determined by the observed fluorescence 
emission color of each spot. 

The Brown '522 patent further teaches that the "[mjicroarrays of immobilized 
nucleic acid sequences prepared in accordance with the invention" can be used in "numerous" 
genetic applications, including ''monitoring of gene expression" applications (see Tab D at col. 
14, lines 36-42). The Brown '522 patent teaches (a) monitoring gene expression (i) in different 
tissue types, (ii) in different disease states, and (iii) in response to different drugs, and (b) that 
arrays disclosed therein may be used in toxicology studies (see Tab D at col. 15, lines 13-18 and 
52-58 and col. 18, lines 25-30). 

13. Also pertinent to my considerations underlying this Declaration is the 
DeRisi article, published in December 1996. The DeRisi article describes the use of the 
Stanford-developed cDNA microarray technology "to analyze gene expression patterns in human 
cancer" (see Tab E at, e.g., p. 457). The DeRisi article specifically indicates, consistent with 
what was apparent to persons skilled in the art in December 1996, that increasing the number of 
genes on the cDNA microarray permits a "more comprehensive survey of gene expression 
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patterns," thereby enhancing the ability of the cDNA microarray to provide "new and useful 
insights into human biology and a deeper understanding of the gene pathways involved in the 
pathogenesis of cancer and other diseases" (see Tab E at p. 458). 

14. Other pre-February 2001 publications further evidence the utility of the 
cDNA microarrays first developed at Stanford in a wide range of gene expression monitoring 
applications (see, e.g., the Shalon and the Heller articles at Tabs F and G). By no later than the 
March 1997 publication of the Heller article, these publications showed that employees of 
Synteni (i.e., James Gilmore and myself) had used the cDNA microarrays in specific gene 
expression monitoring applications (see Tab G). 

The Heller article states that the results reported therein ''successfully demonstrate 
the use of the cDNA microarray system as a general approach for dissecting human diseases" 
(Tab G at p. 2150). Among other things, the Heller article descnbes the investigation of ''1000 
human genes that were randomly selected from a peripheral human blood cell library" and 
"[tjheir differential and quantitative expression analysis in cells of the joint tissue. . . to 
demonstrate the utility of the microarray method to analyze complex diseases by their pattern of 
gene expression" (see Tab G at pp. 2150 seq.). 

Much of the work reported on in the Heller article was done in 1996. That article, 
therefore, evidences how persons skilled in the art were readily able, well prior to February 8, 
2001, to make and use cDNA microarrays to achieve highly useful results. For example, as 
reported in the Heller article, a cDNA microarray that was used in some of the highly successful 
work reported on therein was made from 1,000 genes randomly selected from a human blood cell 
library. 

15. A person skilled in the art on February 8, 2001, who read the Hillman T 17 
application, would understand that application to disclose the SEQ ID NO: 1 -encoding 
polynucleotides, for example, SEQ ID N0:2, to be highly useful as probes for the expression of 
that specific polynucleotide in cDNA microarrays of the type first developed at Stanford. For 
example, the specification of the Hillman '1 17 application would have led a person skilled in the 
art in February 2001 who was using gene expression monitonng in connection with working on 
developing new drugs for the treatment of cancer and neurodegenerative disorders to conclude 
that a cDNA microarray that contained the SEQ ID NO: 1 -encoding polynucleotides would be a 
highly useful tool and to request specifically that any cDNA microarray that was being used for 
such purposes contain the SEQ ID NO: 1 -encoding polynucleotides. Persons skilled in the art 
w^ould appreciate that cDNA microarrays that contained the SEQ ID NO: 1 -encoding 
polynucleotides would be a more useful tool than cDNA microarrays that did not contain the 
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polynucleotides in connection with conducting gene expression monitoring studies on proposed 
(or actual) drugs for treating cancer and neurodegenerative disorders for such purposes as 
evaluating their efficacy and toxicity. 

I discuss in more detail in items (a)-(O below a number of reasons why a person 
skilled in the art, who read the Hillman '117 specification in February 2001, would have 
concluded based on that specification and the state of the art at that time, that the SEQ ID N0:1- 
encoding polynucleotides would be a highly useful tool for inclusion in cDNA microarrays for 
evaluating the efficacy and toxicity of proposed drugs for treating cancer and neurodegenerative 
disorders, as well as for other evaluations: 

(a) The Hillman '117 application teaches the SEQ ID NO: 1-encoding 
polynucleotides to be useful as probes in cDNA microarrays of the type first developed at 
Stanford. It also teaches that such cDNA microarrays are useful in a number of gene expression 
monitoring applications, including ''developing and monitoring the activity of therapeutic agents 
[i.e., drugs]" (see paragraph 10, supra). 

(b) By February 2001, the Stanford-developed cDNA microarray technology was 
a well known and widely accepted tool for use in a wide range of gene expression monitoring 
applications. This is evidenced, for example, by numerous publications describing the use of 
that cDNA technology in gene expression monitoring applications and the fact that, for over a 
year, the technology had provided the basis for the operations of an up-and-running company 
(Synteni), with employees, that was created for the purpose of developing and commercially 
exploiting that technology (see paragraphs 2, 8 and 10-14, supra). The fact that Incyte agreed to 
purchase Synteni in late 1997 for an amount reported to be at least about $80 million only serves 
to underscore the substantial practical and commercial significance, in 1997, of the cDNA 
microarray technology first developed at Stanford (see paragraph 2, supra). 

(c) The pre-February 2001 publications regarding the cDNA microarray 
technology first developed at Stanford that I discuss in this Declaration repeatedly confirm that, 
consistent with the teachings in the Hillman '117 application, cDNA microarrays are highly 
useful tools for conducting gene expression monitoring applications with respect to the 
development of drugs and the monitoring of their activity. Among other things, those 
pre-February 2001 publications confirmed that cDNA microarrays (i) were useful for monitoring 
gene expression responses to different drugs (see paragraph 12, supra), (ii) were useful in 
analyzing gene expression patterns in human cancer, with increasing the number of genes on the 
cDNA microarray enhancing the ability of the cDNA microarray to provide useful information 
(see paragraph 13, supra), and (iii) were a valuable tool for use as part of a ''general approach for 
dissecting human diseases" and for "analyz[ing] complex diseases by their pattern of gene 
expression" (see paragraph 14, supra). 
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(d) Based on my own extensive work for a company whose business was the 
development and commercial exploitation of cDNA microarray technology for more than two 
years prior to the February 2001 filing date of the Hillman '117 application, I have first-hand 
knowledge concerning the state of the art with respect to making and using cDNA microarrays as 
of February 8, 2001(see paragraphs 2 and 14, supra). Persons skilled in the art as of that date 
would have (a) concluded that the Hillman '117 application disclosed cDNA microarrays 
containing the SEQ ID NO: 1 -encoding polynucleotides to be useful, and (b) readily been able to 
make and use such microarrays with useful results. 

(e) The Hillman '1 17 specification contains a number of teachings that would lead 
persons skilled in the art on February 8, 2001 to conclude that a cDNA microarray that contained 
the SEQ ID NO: 1 -encoding polynucleotides would be a more useful tool for gene expression 
monitoring applications relating to drugs for treating cancer and neurodegenerative disorders 
than a cDNA microarray that did not contain the SEQ ID NO: 1 -encoding polynucleotides. 
Among other things, the Hillman '117 specification teaches that the identity of the SEQ ID N0:2 
polynucleotide was determined from a colon tumor cDNA library (COLNTUT06) (Hillman '117 
application, pp. 9 and 24), the SEQ ID NO:2 polynucleotide encodes for the TIMMSb-related 
protein (TRP) shown as SEQ ID N0:1 (Hillman '117 application at p. 2), and northern analysis of 
SEQ ID N0:2 shows its expression particularly in cDNA libraries associated with cancer 
(Hillman '117 application at p. 9 and Table 2)., (See paragraph 9, supra), 

(f) Persons skilled in the art on February 8, 2001 would have appreciated (i) that 
the gene expression monitoring results obtained using a cDNA microarray containing a probe to 
a sequence selected from the group consisting of SEQ ID NO: 1 -encoding polynucleotides would 
vary, depending on the particular drug being evaluated, and (ii) that such varying results would 
occur both with respect to the results obtained from the probe described in (i) and from the 
cDNA microarray as a whole (including all its other individual probes). These kinds of varying 
results, depending on the identity of the drug being tested, in no way detracts from my 
conclusion that persons skilled in the art on February 8, 2001, having read the Hillman '117 
specification, would specifically request that any cDNA microarray that was being used for 
conducting gene expression monitoring studies on drugs for treating cancer and 
neurodegenerative disorders {e.g., a toxicology study or any efficacy study of the type that 
typically takes place in connection w ith the development of a drug) contain any one of the SEQ 
ID NO: 1 -encoding polynucleotides as a probe. Persons skilled in the art on February 8, 2001 
w^ould have wanted their cDNA microarray to have a probe as described in (i) because a 
microarray that contained such a probe (as compared to one that did not) would provide more 
useful results in the kind of gene expression monitoring studies using cDNA microarrays that 
persons skilled in the art have been doing since well prior to February 8, 2001 . 

109259 11 09/781,1 17 



Docket No.: PC-0034 US 

The foregoing is not intended to be an all-inclusive explanation of all my reasons 
for reaching the conclusions stated in this paragraph 15, and in paragraph 6, supra. In my view, 
however, it provides more than sufficient reasons to justify my conclusions stated in paragraph 6 
of this Declaration regarding the Hillman T 17 application disclosing to persons skilled in the art 
at the time of its filing substantial, specific and credible real-world utilities for the SEQ ID 
NO: 1 -encoding polynucleotides. 

16. Also pertinent to my considerations underlying this Declaration is the fact 
that the Hillman T 17 disclosure regarding the uses of the SEQ ID N0:2 polynucleotide for gene 
expression monitoring applications is not limited to the use of that polynucleotide as a probe in 
microarrays. For one thing, the Hillman '117 disclosure regarding the hybridization technique 
used in gene expression monitoring applications is broad (Hillman *117 application at, e.g., p. 3, 
lines 4-11 and at p. 12, lines 16-26). 

In addition, the Hillman '117 specification repeatedly teaches that the 
polynucleotides described therein (including the polynucleotide of SEQ ID NO:2) may desirably 
be used as probes in any of a number of long established ''standard" non-microarray techniques, 
such as Northern analysis, for conducting gene expression monitoring studies. See, e.g.: 

(a) Hillman *117 application at p. 17, lines 18-22 ('Tn order to provide 
standards for establishing differential expression, normal and disease expression profiles are 
established. This is accomplished by combining a sample taken from normal subjects.... with a 
cDNA under conditions for hybridization to occur. Standard hybridization complexes may be 
quantified by comparing the values obtained using normal subjects with values from an 
experiment in which a known amount of a purified sequence is used.") (emphasis supplied); and 

(b) Hillman '117 application at p. 12, line 17, and at p. 13, lines 6-7 ("The 
cDNA .... can be used in hybridization technologies for vanous purposes. ...Selection of 
components and conditions for hybridization are well known to those skilled in the art and are 
reviewed in Ausubel ( supra ) and Sambrook et al. (1989).)" 

The ^'Sambrook et al." reference cited in item (b) immediately above is a 
reference that was w^ell known to persons skilled in the art in February 2001. A copy of pages 
from that reference manual, which was published in 1989, is annexed to this Declaration at Tab 
H. The attached pages from the Sambrook manual provide an overview of northern analysis and 
other membrane-based technologies for conducting gene expression monitoring studies that were 
known and used by persons skilled in the art for many years prior to the February 8, 2001 filing 
date of the Hillman '1 17 application. 

A person skilled in the art on February 8, 2001, who read the Hillman '117 
specification, would have routinely and readily appreciated that the SEQ ID NO: 1 -encoding 
109259 12 09/781,117 



Docket No.: PC-0034 LS 

polynucleotides disclosed therein would be useful as a probe to conduct gene expression 
monitonng analyses using northern analysis or any of the other traditional membrane-based gene 
expression monitoring techniques that were known and in common use many years prior to the 
filing of the Hillman '1 17 application. For example, a person skilled in the art in February 2001 
would have routinely and readily appreciated that the SEQ ID NO: 1 -encoding polynucleotides 
would be a useful tool in conducting gene expression analyses, using the northern analysis 
technique, in furtherance of (a) the development of drugs for the treatment of cancer and 
neurodegenerative disorders, and (b) analyses of the efficacy and toxicity of such drugs. 
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17. I declare further that all statements made herein of my own knowledge are 
true and that all statements made herein on infomiation and belief are believ ed to be true; and 
further, that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, and that willful false statements 
mayjeopardize the validity of this application and any patent issuing thereon. 




Tod Bedilion 



Simed at Redwood City, California 
this ^ day of^Lpftf2003 
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ABSTRACT M icroarrays containiag 1046 human cDNAs 
of unknown sequence wert printed on glass with high-speed 
robotics. These 1.0-cm- DNA "chips" were used to quantita- 
tively monitor differential expression of the cognate human 
genes using a highly sensitive two-color hybridization assay. 
Array elements that displayed differential expression patterns 
under given experimental conditions were characterized by 
sequencing. The identification of known and novel heat shock 
and phorbol ester-regulated genes in human T celts demon- 
strates the sensitivity of the assay. Parallel gene analysis with 
microarrays provides a rapid and efficient method for large- 
scale human gene discovery. 



Bioiogy has entered the genome era (1). Complete genome 
sequences for all of the model organisms and human will 
probably be available by the year 2003 (2). Torrents of human 
expressed sequence tags (ESTs) provide a starting point for 
elucidating the function of tens of thousands of cognate genes 
(3). Genome analysis will provide insights into growth, dcvcl- 
opmeni, differentiation, homeostasis, aging, and the onset of 
diseases (1-3). A detailed understanding of the human genome 
will require the implementation of sophisticated methods for 
gene expression analysis and gene discovery. 

Recently, a microarray-based method for high-throughput 
monitoring of plant gene expression was described (4). This 
"chip '-based approach involved using microarrays of cDNA 
clones as gene-specific hybridization targets to quantitatively 
measure expression of the corresponding plant genes (4, 5). A 
two-color fluorescence labeling and detection scheme facili- 
tated sensitive differential expression analysis of different 
plant tissues (4, 5). The efficiency of this approach for studies 
in higher plants suggested the use of this method for human 
genome analysis (4-7). Here, we report the use of cDNA 
microarrays for human gene expression monitonng. biological 
investigation, and gene discovery. 

MATERIALS AND METHODS 

Human cDNA Clones. The cDNA library was made with 
mRNA from human peripheral blood lymphocytes trans- 
formed with the Epsiein-Barr virus. Inserts >66o bp were 
cloned into the lambda vector AYES-R to generate lO'-lO^ 
recombinants. Bacterial iransformanis were obtained by in- 
fecting £. colt strain JM107/AKC. Colonies were picked at 
random and propagated in a 96-well format, and mmilysate 
DNA was prepared by alkaline lysis using REAL preps 
(Oiagen, Chatsworth, CA). Inserts were amplified bv PCR in 
a 96-well formal using primers (PAN132, 5'-CCTC- 
TATACTTTAACGTCAAGG; and PAN 133, 5'-TTGTGTG- 
GAATTGTGAGCGG) complementary to the AYES 
polylinker and containing a six-carbon amino modification 
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(Glen Research, Sterling. VA) on the 5' end. PCR products 
were purified in a 96-well format usmg QlAquick columns 
(Oiagen). 

Microarray Preparation. Amino-modified PCR products 
were suspended at a concentration of 0.5 mg/ml in 3x 
standard salmc citrate (SSC) and arrayed from 96-well micro- 
liter plates onto silylated microscope slides (CEL Associates. 
Houston) using high-speed robotics (4-7). A total of 1056 
cDNAs, representing 1046 human clones and 10 Arabtdopsts 
controls, were arrayed in 1.0-cm- areas. Printed arrays were 
incubated for 4 hr in a humid chamber to allow rehydration of 
the array elements and rinsed, once in 0.2rf SDS for 1 min. 
twice in H;0 for 1 mm. and once for 5 min in sodium 
borohydride solution (1.0 g of NaBH4 dissolved m 300 ml of 
PBS and 100 ml of 1009c eihanol). The arrays were submerged 
in H:0 for 2 min at 95''C. transferred quickly into 0.2^^ SDS 
for 1 min. rinsed twice in air dried, and stored in the dark 
at 25''C. 

Fluorescent Probes. Tissue mRNAs were purchased 
(CLONTECH). Jurkat mRNA was isolated as described by 
Schcna a al. (4). Probes were made as described (4) with 
several modifications. The reverse transcriptase used here was 
Superscript II RNase H- (GIBCO). The Cy5-dCTP was 
purchased from Amersham. Each reverse transcription reac- 
tion contained 3.0 M-g of total human mKSA' Arabidopsis 
control mRNAs were made by in vitro transcription of cloned 
HAT4. HAT22. and YesAt.23 cDNAs (4. 8. 9) using an RNA 
Transcription Kit (Siratagene). For quantitation, the mRNAs 
were doped into the reverse transcription reaction at ratios of 
1:100.000. LlO.OOO.and 1:1000 (wt/wt) respectively. Following 
the reverse transcription step, samples were treated with 2.5 ^1 
of 1 M sodium hydroxide for 10 min at 37*C. then neutralized 
bv adding 2.5 ^1 of 1 M Tris-HCl (pH 6.8) and 2.0 ^1 of 1 M 
HCl. Probe mixtures contained cDNA products derived from 
3 Mg of total mRNA. suspended in 5.0 ^1 of hvbridizaiion 
buffer (5x SSC plus 0.29^ SDS). 

Hybridization and Scanning. Probes were hybridized to 
1.0-cm- microarrays under a 14 x 14 mm glass coverslip for 
6-12 hr at 60°C in a custom-built hybridization chamber (4-7). 
Arrays were washed for 5 min at room temperature (25X) in 
low stringency wash buffer (Ix SSC/0.2'7f SDS), then for 10 
min at room temperature in high stringency wash buffer {0.1 x 
SSC/0.29c SDS). Arrays were scanned in O.lx SSC using a 
fluorescence laser scanning device (4-7). fitted with a custom 
filter set (Chroma Technology, Brattleboro, VT). Accurate 
differential expression measurements (i.e., final fluorescence 
ratios) were obtained by taking the average of the ratios of two 
independent hybridizations. 



Abbreviation: EST, expressed sequence ug 

Data deposition The sequences reported in this paper have been 
deposited m the GcnBank data base (accession nos U56654-U56660) 
^To whom reprint requests should be addressed e-mail: schcna(6 
cmgm, Stanford cdu 
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Cell Culture. Jurkat cells were grown in a tissue culrure 
incubator (?^C and CO:) m RPMl medium supplemented 
with iQ^c fetal bovine serum. 100 of streptomycin per ml. 
and 500 units of pcnicilim per ml. Heat shock corresponded to 
a -i-hr incubation at 43''C. Phorbol ester treated cells were 
grown for 4 hr in the presence of 50 ng of phorbol 12-myristaic 
13-acetaic (PMA} per ml 

RNA Blotting. Dot blots were performed as described (4). 

DNA Sequencing. Sequences were obtained using the 
PAN 132 and PAN 133 primers and a 373A automated se- 
quencer, according to the instructions of the manufacturer 
(Applied Biosvsiems) 

Computer Graphics and Informatics. Pseudocolor represen- 
tations of fluorescent images were made with National Institutes 
of Health image software (version 1.52). Sofru'arc for differential 
expression representations was purchased from Imaging Re- 
search (St. Catherines. ON. Canada) Sequence searches were 
made to the nonredundant nucleotide data base at the National 
Center for Bioicchnoloe> Information (NCBI) using Macintosh 
Bi^^ST software. The EST data base was accessed via the World 
Wide Web (httpV/wwu.ncbi.nlm. nih.gov/). 

RESULTS 

Gene Discovery and the Heat Shock Response. Microarravs 
were used to examine the heat shock response in cultured 
human T (Jurkat) ceils. Control (37*0) and heat-ireated 
f43°C) cells were harvested and lyscd. and total mRNA from 
the two cell samples was labeled by reverse transcriptase 
incorporation of fluorescein- and Cy5-dCTP, respcaivcly. In 
a second set of labeling reactions, the fluorescent groups were 
■'swapped" such that samples from control and heat-treated 

-H«at Shock 
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samples were labeled with Cv5- and f luoresccin-dCTP. respec- 
tively Each pair of fluorescent probes was hvbriducd to a 
1056-eiemeni microarray. The arrays uere uashed at high 
strmgenc> and scanned with a confocal laser scanning device 
to delect emission of the two fluorescent croups. 

Hy-bridizaiion signals were observed to >95'7 of the human 
cDNA array elements, but not to anv of the ArabtJopsts 
negative controls (Fig. 1). Fluorescence intensities spanned 
more than three orders of magnitude for the 1046 arrav 
elements surve\ed (Fig. 1). Comparative expression anaK-sisof 
heat shocked versus control cells in the tuo experiments 
revealed 17 arrav elements that dispiaved altered fluorescence 
ratios of ^2.0-fold (Figs. 1 and lAl Of the 17 putative 
differentially expressed genes. 11 were induced by heat shock 
treatment and 6 displayed modest repression (Figs 1 and 2.-1 ) 

To determine the identity of the heat-regulated genes. 
cDNAs corresponding to each of the 17 array elements were 
sequenced on the proximal and distal end. Data base searches 
revealed perfect matches for 14 of the 17 clones, and in each 
case proximal and distal cDNA sequences mapped to the same 
gene (Table 1). Of the 1046 human genes examined on the 
microarray, the five most highly induced in heat-treated cells 
were heat shock protein 90q (hsp^Oo). dnaJ, hsp90/3. poK-u- 
biquitin. and t-complex poKpcptide-l (icp-1) (Table 1). Three 
of the 17 clones did not match any entry in the public data base, 
though one of the clones (B7) exhibited significant homologv 
to an EST from Caenorhabditis dedans (Table 1). Each of the 
novel sequences (87-89) exhibited -2-fold induaion (Table 1) 
and relatively low-level expression (Table 2). 

To confirm the microarray results. mRNA levels for each of 
the genes were measured by RNA blotting. Each of the genes 
that displayed heat shock induction, including the three novel 
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Fig 1 Human eenc expression momiorcd on a microarray. Fluorescent scans represented in a pseudocolor scale correspond locxpression levels 
The arrav contains 10 ^irac/^^opia controls (upper left corner, clemcnis 1-10) and 1046 human peripheral blood cDNAs Fluorescent probes were 
prepared b> labciinc mRNA Irom Jurkat cells grown at 3rC (-Heal Shock. /<) or 43=C ( -Heat Shock. B). Arrav elements that display altered 
fluorescence mtcnsity (v-nnc boxes) corresponded to genes activated (red boxes) or repressed (green boxes) bv heat shock The color bar was 
calibrated in separate experiments using kno*n quantities (wt/wt) oi Arabidopsts control mRNAs added to the labeling reaction Microarray rows 
(at left) and columns (at the top) arc demarcated at 10 clement mcrcmcnu (white circles) (Bar = 1 mm ) 
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Expression Ratios 

Fig 2. Elemcnut displays of aciivaicd and repressed genes. Fluorescence ratios of two-color microarray scans {Fic. 1) arc depicted 
schcmaitcally, Fluoresccin-labclcd probes from Jurkat cells subjected to {A) heat shock or (B) phorbol ester treatment were compared with 
Cy5-labeied probes from untreated cells In a second set of reactions, the fluorescent groups were swapped (see text) The data represent the average 
of the ratios from two hybridizations, excluding values in which the difference of the two ratios was greater than half the average ratio. The color 
bar corresponds to expression ratios, which are independent of the absolute expression level of a erven gene. 



Table 1 Microarray elements corresponding to differentially expressed genes 
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Clone name, array position (Fig 1). fluorescence ratio, sequence idcnmv. and oct:ssion number ot cDN/\s that maniiesicd 
a differential expression pattern with probes prepared from heat shock- (Bl-1 7) or phorbol ester- treated < B18-23) Jurkai ceils 
Clones showing >98'~f identity over .300 nucleotides were assumed to be identical to known sequences All genes arc nuclear 
except CYC oxidase III (mitochondrial) Accession numbers reflect the highest score (or proximal and distal sequence traces, 
respeciivciv CYC. cytochrome c: TCP-1. T-complcx polypeptide. HSP. heal shock protein, PGK. phosphoglvccrate kinase. 
NF-kB. nuclear factor-kappaB. PAC-1. phosphatase of activated cells, and NR. trace not readable due to the presence of 
poly(A)* tract. 

•B7 is 67^c identical to an EST from C elef^ans (D76026). 
^No match in the public data bases 
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arc expression levels per 100.000 mRNAs (*./*t) of genes assayed w,th a m>croarrav (F.e 1) 
.n,r^*,"'' '^°'^"P«"^ ^° ^»'"« «lls subjected to heal shock (81-17) or phorbol ester 
I (Bliy--3) rclairvc to unireaied cells Gone and gene names are given in Table 1 NT) not 
ed 



sequences, exhibited elevated mRNA levels by dot blot analysis 
(Table 2). In all cases, expression ratios as determined bv the 
two procedures differed by <2-fold for the genes identified in 
the heat shock experiments (Table 2). The two assays differed 
more widely in terms of assessing absolute expression levels; 
nonetheless, absolute expression as monitored on a microarrav 
typically correlated with RNA blots to within a factor of five 
(Table 2). 

Phorbol Ester Signaiin|E. To explore a signaling pathway 
distinct from the heat shock response, microarrays were used 
to examine the cellular effects of phorbol ester treatment 
Jurkat ceils were treated with phorbol ester, harvested, lysed. 
and used as a source of mRNA. Samples of mRNA from 
untreated or phorbol ester-stimulated cells were labeled with 
reverse transcriptase The probes were mucd, hybridized to 
microarravs. and scanned for fluorescence emission of the two 
fluorescent groups. A total of su array elements displaved 
^2.0-foid elevated signals with probes from phorbol ester- 
treated cells relative to control samples (Fig, 2B). 

To determine the identity of the phorbol ester-induced 
genes, clones corresponding to the su array elements were 
sequenced. Data base searches revealed perfect matches for 
five of the su sequences (Table 1) The two most highlv 
induced genes were the PAC-l tyrosine phosphatase and 
nuclear factor-kappa Bl {NF-kB})\ modest activation was 
observed for phosphoglycerate kinase and /3:-microgiobulin 
(Table 1). One remaining clone (B19) did not match anv entrv 
in the public data base (Table 1). B19 displayed a 2.1-fold 
induction and. similar to the novel heat shock genes, a rela- 
tively low absolute expression level (Tables 1 and 2). All su of 
the phorbol esier-inducible genes displayed increased steady- 
state mRNA levels t?y RNA blotting (Table 2). PAC I expres- 
sion (Fig. 1; Table 2) defined a detection limit of -1:500.000 
for the assay. 

Transcript Imaging in Human Tissues. To determine 
whether microarrays could be used to monitor expression m 
human tissues, probes were prepared from human bone mar- 



row, brain, prostate, and hean by labeling each mRNA sample 
with Cy5-dCTP. In a separate reaction, a control probe was 
prepared by labeling Jurkat mRNA with fluorescein-dCTP. 
The four Cv5-labeled probes were each mued with an aliquot 
of the fluorescein-labeled control sample, and the four ma- 
tures were hybridized to separate microarrays. The arrays were 
washed and scanned for fluorescence emission, and hybrid- 
ization signals for each of the tissues samples weft normalized 
to the Jurkat control to generate an expression profile for each 
of the 1046 clones present on the array. 

Detectable expression was observed for all 15 of the heat 
shock and phorbol ester-regulated genes in the four tissue 
types examined (Fig. ?). In general, the expression level of each 
gene in Jurkat ceils correlated rather closely with expression in 
the four tissues (Table 2, Fig 3). Genes encoding 3-actin and 
cytochrome r oxidase, the two most highlv expressed of the 15 
genes in Jurkat cells (Table 2). were highly expressed in bone 
marrow, brain, prostate, and heart (Fig, Expression of 
cytochrome c oxidase. hsp90a. and the novel B7 sequence was 
significantly greater in heart than in the other tissues (Fig. 3). 

DISCUSSION 

Many of the heat shock genes identified in this study encode 
factors that function either as molecular ' chaperones" 
(HSP90Q. HSP903. DnaJ. TCP-1) or as mediators of protcm 
degradation (polvubiquitin ), The identification of these se- 
quences is consistent with the biochemical basis of heat shock 
induction (10-15), Proteins undergo denaturation at elevated 
temperatures, and those that fail to maintain proper confor- 
mation must be selectively degraded (10-15). It will be inter- 
esting to determine whether the three novel heat shock- 
inducible sequences (B7-B9) mediate protein folding and 
turnover or possess some other biochemical activity. Complete 
nucleotide sequence determination, conceptual translation, 
expression monitoring, and biochemical analysis should pro- 
vide a detailed functional understanding of these genes. 
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Fig 3 Transcript pjofilcs of heat shock and phorbol csicr- 
rcguiatcd genes Gene expression levels per 100,000 mRNAs (j-axes) 
arc shown for 15 genes (Table 1) in human bone marro* (red), brain 
(green), prostate (blue), and heart (yellow) Genes are grouped 
according to expression levels (A~C) 



Phorbol esier. a poieni activator of proicin kinase C (16. 17). 
induced a set of genes distinct from those involved in the heat 
shock pathway. The most highly induced gene identified in this 
study. PAC'J, encodes a nuclear tyrosine kinase that may play 
a role in regulating transcription and cell c^cie progression 
(18). NF-kBI. a second phorbo! esicr-inducible gene, is an 
inicnsivcly studied member of the Rel transcription factor 
family (19-21). The Rel proteins arc activated by a large 
number of stimuli, including phorbol esters, cviokmcs. bacte- 
rial and viral pathogens, and ultraviolet light (19-21). Modest 
activation was observed for three sequences not known to be 
inducible by phorbol esters, including phosphoglyceratc ki- 
nase, /3;-microgiobulin. and a novel human gene (B19). Ex- 
tensive expression mon iionng w ith microarrays should assist in 
understanding how each of these genes integrate into the 
highly complex phorbol ester signaling pathway. 

It is striking that four novel human genes were discovered 
with an array of 1000 randomly chosen clones, particularly 
because the heat shock and phorbo! ester signaling pathways 
have been so intensively studied (10-21). The facile discovery 
of these sequences underscores the fact that microarrays can 
be used for gene discovery in the absence of any sequence 
information. By this approach, clones are chosen at random 
from any library of interest and only those clones that display 
interesting expression patterns arc sequenced and character- 
ized. This parallel assay, coupled w iih a modest DN A sequenc- 
ing facihiy. allows high-throughput human genome expression 
analysis and gene discovery. 

Genes that are activated or repressed by a given stimulus 
provide functional clues to the cellular pathway involved 
(22-24). Detailed examination of these gene expression "sig- 
natures" can provide a dynamic view of the mode of action of 
a given signaling substance (22-24), Microarrays may thus 
allow rapid mechanistic examination of hormones, drugs, 
eiicitors, and other small molecules; moreover, functional 
analysis of transcription factors, kinases, growth factors, cyto- 
kines, receptors, and other gene products should be possible. 
Efforts are underway to develop mRNA amplification strate- 
gies to enable probe preparation from minute tissue samples. 
This capability might allow for high-throughput patient screen- 
ing in a clinical setting. 

The current detection limit of the assay allows monitoring of 
transcripts that represent -1:5{X).(X)0 (wt/wt) of the total 
mRNA. This 10-fold increase in sensitivity compared with the 
original repon (4) was achieved largely by modifying the 
coupling chemistry, which reduced background fluorescence. 
The significance of this improvement is considerable in that 
approximately half the human genes identified in this study, 
including all four novel sequences, exhibited expression levels 
below the original detection limit of 1:50.000 (4). 

The ability to detect 2-foid changes in expression was 
achieved by the use of two-color fluorescence in the labeling 
and detection schemes, digitized data collection, and custom 
software. The importance of this capability is underscored by 
the fact thai nearly all of the genes examined here exhibited 
<6-fold changes in expression. The four novel genes, which 
showed <2.2-fold activation, were probably overlooked in 
previous screens that used conventional differential expression 
techniques. It may be possible lo further improve the precision 
of the microarray assay by the use of closely related fluorescent 
analogs, such as Cy3 and Cy5, m the labeling and hybridization 
reactions. 

Microarrays offer a number of advantages over other po- 
tential high-capacity approaches to expression analysis. The 
chip-based approach enables small hybridization volumes, high 
array densities, and the use of fluorescence labeling and 
detection schemes. These features provide a set of perfor- 
mance specifications that are unattainable with filter-based 
approaches (25, 26). The use of cDNA clones provides hy- 
bridization specificity that is not readily attained with oligo- 
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nucleoiidc arrays (27-30). The parallel formal of ihc assav 
provides a simultaneous differential expression readout for 
>1000 genes. This contrasts with sequencing-based methods, 
which require serial data collection for expression analysis (31, 
32) A commercial source of cDNA microarrav-s would greativ 
speed the use of a chip-based approach to expression analysis. 

The avaiiabiiity of large numbers of ESTs (3) provides a rich 
resource of human cDNA clones for microarraying. The 
>400,(X)0 ESTs in the public data bases represent a significant 
subset of all human genes ( 3. 33 ). Microarrays of thousands of 
ESTs w ill provide a powerful analytical tool for future human 
gene expression studies. The -100.000 genes in the human 
genome (2. 33) emphasize the need for microarrays of greater 
density. Attempts to improve microdeposiiion techniques are 
underway and should allow construction of arrays containing 
a complete set of human gene targets (hnp://cmgm^tanford 
edu/-schena/) Microarrays of -100.000 cDNA elements 
would allow expression monitoring of the entire human ge- 
nome in a single hybridization. This capacity, coupled with 
detailed biochemical analysis of the individual gene producu, 
would greatly speed the functional analysis of the human 
genome. 
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The Genome Project adds a r>ew dimension to questions 
on gene expression in humans and modd systems, A 
chart on page 415 summarizes progress in the 
CMenortiMbdnts ehgans Genome Prefect and indicates 
some ways information about sequences can be used. 
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News stones, Artides, Perspectrves, Pohcy Forums, and 
Reports focus on technologicaJ developments, dmica) 
applications, and ethical concerns resuiting from the 
burgeoning of genomic information. (C. eiegans im- 
age: F. Maduro and D. Pilgrtm, Unfversrty of Alberta] 
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Ax)ip saoj^xx foioMng Ser^ anc3 oca/5 ^Mtnr 
' tr« cxxrardAxliptra snows rvyrioogyv^rtnN^ 
{U} To oetete tr« caDnnpwe STE23 seojence and 
create me sn23X :URA3 mutation, polymerase char 
reaction fPCR) prvners {5'-TCGGAAGACCTCAT- 
TCTTGaCATTTTGATATTGCTC- TGTAGATTG- 
TACTGAGAGTGCA03' ; anc3 5'-GCTACAAACAGG- 
GTCGACTTGAATGCCCCGACATCTTCGACTGT. 
GCGGTATTTCACACCG-3') wwe used to anxMy 
tne URA3 sequence ot pRS3i5. and tne rsacticn 
[yoduct was transtormed nto y«st for one-step gene 
reotac»nen: fR. Rotnster, MetnoOs finzymcy. 194. 
281 (1 991 )]. To create the ax/7 L;:LBJ2 mutation con- 
taned on pi 14. a 5.0-kt) Sal t fragment from i>a;Q.7 
was Cloned mo pUCl9. and an rtemaJ 4.0-kt) Hpa 
i-Xho t fragment was repiaced with a LEU? fragment. 
To corvstAJct the zte23L::LEU2 a»e*e la oeietcn cor- 
respondng to 931 amno aoos) cameo on pl53. a 
LBJ2 fragment was used to req*ace the 2.&-W) Pml 
^-Edl36 li fragment of STE23. which Qco fswith r a 
6.2-kb Hrd lli-Bgl Ii genome fragmertt earned on 
pSP72 (Promega). To craate YEpMM). a 1.6-*^ 
Bam HI fragment contajnng MFA1. from pKK16 [K. 
Kuch»er. R E. Sterne. J. Thomer. BMBO J. 8. 3973 
(1 989)1, was iigaied mto the Bam HI srte of YEp351 |J. 
E. Hill. A M. Myers. T. J. Koemer. A. TzagotofT, VoasT 
2, 163(1986)1. 
24 J Chant and!. Herskowrt2.Ce// 65. 1203(1991). 
25. B. W. Matthews. >to:. Cham. fles. 21. 333 (1988). 

26 K. Kuc^itef. H. G. Dohiman. J. Thomer. J. Cotf Bo/. 
120 1203 (1993); R. KoUing and C P. Hoftenberg. 
BMBOJ. 13. 3261 (1994); C Bertcower, D. Loayza. 
S. Michaelis. Mo/. Bo/. Caff 5, 1185(1994). 

27 A Bender and J. R. Prmgte. Proc. Natl. Acad. Sa. 
USAS&. 9975 (1989); J. Chant. K. C<XTado. J. R. 
Pnngte. I. HersKowitz. Ceil 65. 1213 (1991); S. 
Powers. E. Gonzaies. T. Chnstensen. J. Cuban. D. 
Broek. ;£wd.. p. 1225; H. 0. ParK. J. Chant. I. Her- 
skowitz. Nature 365. 269 (1993); J. Chant. Trends 

Genet 10. 328 (1994); and J. R. Pnngte. J. 

CellBfOl. 129. 751 (1995); J. Chant. M. Mischke. E. 
Mitchell. I. Herskowrtz. J. R. Pnngte, ibid., p. 767. 

28 G. F. Sprague Jr.. Methods. Snzymoi. 1W. 77 
(1991). 

29. Stngte-letter abPreviabons for the ammo abd res*- 
aues are as foiiows: A. Ala: C. Cys; D. Asp: E. Gkj; F. 
Phe: G. &r. H. He; I. Ite: K. Lys: L Leu: M. Met: N. 
Asn: P. Pro: Q, Gin; R. Arg: S. Ser: T. Thr V. Vat: W. 
Trp: and Y. Tyr. 

30 A W303 1A denvatfve. SY2625 (MAT* i/b3-1 teu2-3. 
U2trTiT-T aae2'i cani'lO0sstitmfa2:L-:FUSi-iacZ 
his3X-:FUS 1 -H/S3). was the parent strain tor the mutant 
search. SY2625 derivatives tor the mating assays, se- 
r/eted pneromone assays, and the cxise-chase exper- 
irrients rctuded the totowng strains' Y49 (Sfa22-T). 
Y115 {mfa1L::LBJ2l. Y142 iflxi1::URASi, Y173 
iaxIll::LEUZl. Y220 \axi1::URA3 Ste23^:URA3\. Y221 
{ste23:ij:URA3). Y231 (a;tf7A.-;La;2 ste23X-:LBJ2). 
and Y233 lsre23A.-;LEU2). MATo denvatfves of 
SY2625 included the foilowtng strains: Y199 
(SY2625 made MATa). Y278 lSfe22-T). Y195 
imfa1£i^:LBU2]. Y196 {axil £i::LEUZ^. and Y197 
(a/n;.UflA3). The EG123 (MA7a<eu2yra3 trpi cani 
nis4) genetic background was used to create a set of 
strains for analysts of bud srte selection. EGl 23 de- 
rivatives included the fottowng strains: Y175 
(ax/?A.;L£U2). Y223 lax/7:;aftA3). Y234 (sfe23A.-; 
LEU21 and Y272 {axi1L::LBJ2 sta23£L::L£U2\. 
MATa denvatrves Of EG123 mcKided the tdkywing 
strains Y214 (EG123 made MATa) and Y293 
(ajcn ^::LEU2)- All strains were generated by means 
ol stanoard genetic or motecuiar mettxxSs invoiving 
tne appropriate constmas (2J). In particular, the axf J 
sfe23 doubte muiant strains were created by cross- 
ing of the appropnaie MATa stB23 and AW To ax/ J 
muianis. followed by sporuiation of the resultant dip- 
loid and isoiatKxi of the dout>te mutant frtxn nonpa- 
renta! di-type tetrads. Gene disniptions viwe con- 
firmed v«th either PCR or Southern fONA) analysis. 

31 P129 ts a YEp352 |J. E. Hi. A. M. Myers. T. J. Ko- 
emer. A. TzagotofI, Yeasf 2. 163 (1966)1 piasmidoon- 
tanng a 5.5-kb Sal I fragment of pAXLi. pl5i was 
dOTved from pi 29 by nsertcn of a irt<er at the Bgl « 
srte vvrthr ^ vMhich led to an irvfrarne rsertion c* 
the hemaggKAntfi fHA) eortope (DOYPYDN/POYA) (29) 
between amno acids 854 and 856 of the AXL 7 pnsd- 



ua. pC225 B a KS* fStratagene) p*asm<i comanng 
a0.5-k£)BamHi-Sst lfragmen!fromoAXI7. SiDst*- 
tutjon muiatcre of the proposed actwe srte of AxJI p 
Mere created with the use ot pC225 and sne-soecrfic 
nxitagenesfi rvoKng aopropnate synthetic ongonj- 
deotoes taxfT-HfiSA. 5'-GTGCTCACAAAGCGCT- 
GCCAAACCGGC-3': ax^T-£77A. 5'-AAGAATCAT- 
GTGCGCACAAAGGTGCGC-3': and axJ^-ETW. 5'- 
AA(SAATCATGTGATCACAAAGGTGCGC-3'). The 
mutatcns vwere conftrmed by secxience anaryss. Af- 
W m/tageness. tre 0 4-kb Bam Hh-Msc i fragment 
from the muiagenced pC225 ptasnwSs was trans- 
lenednioivvai tocrBateasetotpRS3l6pasmos 
cafryr^ drtferen! AXLl aBetes. pl24 iaxii-H6eA), 
pl30 taxf7-E77A), and pi32 taje/T-£77D). S*muart>, a 
set of HA-iagged aiietes earned on YEP352 were cre- 
ated aftff raptaoement of the pi5i Bam Hi-Msc i 
fragrrwTt, to generate pl6i UW/7-E7IA). pl62 iax/7- 



The temporal, developmental, topographi- 
cal, histological, and physiological patterns 
in which a gene is expressed provide clues to 
its biological role. The large and expanding 
database of complementary DNA (cDNA) 
sequences from many organisms ( J ) presents 
the opportunity of defining these patterns at 
the level of the whole genome. 

For these studies, we used the small flow- 
ering plant Arabidopsis thahann as a model 
organism. Arabidopsis possesses many ad- 
vantages for gene expression analysis, in- 
cluding the fact that it has the smallest 
genome of any higher eukaryote examined 
to date (2). Forty-five cloned Arabidopsis 
cDNAs (Table 1), including 14 complete 
sequences and 31 expressed sequence tags 
(ESTs), were used as genc-specific targets. 
We obtained the ESTs by selecting cDNA 
clones at random from an AroBidopsis 
cDNA library. Sequence analysis revealed 
that 28 of the 31 ESTs matched sequences 
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in the database (Table 1 ). Three additional 
cDN As from other organisms served as con- 
trols in the experiments. 

The 48 cDNAs, averaging —1.0 kb, 
were amplified with the polymerase chain 
reaction (PCR) and deposited into indi- 
vidual wells of a 96-well microliter plate. 
Each sample was duplicated in two adja- 
cent wells to allow the reproducibility of 
the arraying and hybridization process to 
be tested. Samples from the microtitcr 
plate were printed onto glass microscope 
slides in an area measuring 3.5 mm by 5.5 
mm with the use of a high-speed arraying 
machine (3). The arrays were processed by 
chemical and heat treatment to atuch the 
DNA sequences to the glass surface and 
denature them (3). Three arrays, printed 
m a single lot, were used for the experi- 
ments here. A single microtiter plate of 
PCR products provides sufficient material 
to print at least 500 arrays. 

Fluorescent probes were prepared from 
total Arobidopsts mRNA (4) by a single 
round of reverse trar\scnption (5). The Ara- 
bidopsis mRNA was supplemented with hu- 
man acetylcholine receptor (AChR) mRNA 
at a dilution of 1 : 10,000 (w/w) before cDNA 
synthesis, to provide an mtenial starulard for 
calibration (5). The resulting fluorcsccntly 
labeled cDNA mixture was hybridiied to an 
array at high stringency (6) and scanned 



Quantitative Monitoring of Gene Expression 
Patterns with aJComplementary DNA Microarray 

Mark Schena,* Dari Shalon,*t Ronald W. Davis, 
Patrick O. Brown$ 

A high-capacity system was developed to monitor the exp'ression of many genes in 
parallel. Microarrays prepared by high-speed robotic printing of complementary DMAs on 
glass were used for quantitative expression measurements of the corresponding genes. 
Because of the small format and high density of the arrays, hybridization volumes of 2 
microliters could be used that enabled detection of rare transcripts in probe mixtures 
derived from 2 micrograms of total cellular messenger RNA Differential expression 
measurements of 45 ArBbidopsis genes were made by means of simultaneous, two-color 
fluorescence hybridization. 
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with a laser (3). A high-scnsuiviry scan gave 
signals that sarurated the detector at nearly 
all of the Arabidopsis target sites (Fig. lA). 
Calibration relative to the AChR mRNA 
standard (Fig. lA) established a scnsitiviry 
limit of - 1 : 50,000. No detectable hybndiia- 
tion observed to either the rat glucocor- 
ticoid receptor (Fig. lA) or the yeast TRP4 
(Fig. lA) targets even at the highest scan- 
ning sensitivity. A moderate -scnsitiviry scan 



of the same array allowed linear detection of 
the more abundant trar^scnpts (Fig. IB). 
Quantitation of both scans revealed a range 
of expression levels spanning three orders of 
magnirude for the 45 genes tested (Table 2). 
RNA blots (7) for several genes (Fig. 2) 
corroborated the expression levels measured 
with the microarray to withm a factor of 5 
(Table 2). 

Differential gene expression was investi- 




Fig. 1. Gene expresson nxxirtored with the use of cONA rmcroarrays. Ruorescent scans reoresented in 
pseuOocotor correspond to hybndizatKXi intensrties. Color bars were calibrated from tr>e signal obtained 
witn the use of kriown concentratKXis of hunwn AChR mRNA in independent expenments. Numbers and 
leners on the axes mark the position of each cDNA. (A) High-sensrtMty fluorescein scan after hyondization 
witn fluorescefn-labeted cDNA denved from wikj-type piants. (B) Sarr>e array as in (A) but scanned at 
nnoaerate sensitrvity. (C and D) A singte array was prot)ed wrth a T ; 1 mixture of fluorescetn- labeled cDNA 
from wild -type plants and lissamine-tat)eJed cDNA from HAT4 -transgenic plants. The sir>gte array was 
then scanned successrve*y to detect the fluorescein fluorescence corresporKltr^g to mRNA from wiid-type 
plants (C) and the lissamm fluorescence corresponding to mRNA from HAT4 -transgenic plants fD). (E 
and F) A single array was probed with a 1 : 1 mixture of fluorescetn- labeled cDNA from root tissue and 
iissamine- labeled cDNA from leaf tissue. The single array was then scanned successrvely to detect the 
fluorescein fluorescence corresponding to mRNAs expressed in roots (E) artd the hssarrvne fluorescence 
corresponding to mRNAs expressed in leaves (F). 



gated with a simultaneous, two-coic: r.-.. 
bndiiation scheme, which ser\'cd to mn.- 
mue cxpcnmentai variation inherent m the 
comparison of independent hybridiiaticni 
Fluorescent probes were prepared from ru c 
mRNA sources with the use of reverse tran- 
scnptase m the presence of fluorescein- and 
lissamme-labcled nucleotide analogs, re- 
spectively (5). The two probes were then 
mixed together in equal proportions, hv- 
bndi:ed to a single arrav, and scanned sep- 
arately for fluorescein and lissamme emis- 
sion after independent excitation of the rue 
tluorophores (3). 

To test whether ovcrcxpression of a sin- 
gle gene could be detected in a pool of total 
Arabidopsis mRNA, we used a microarrav to 
analyze a transgenic line overexpressing the 
single transcription factor HAT4 (8). Fluo- 
rescent probes representing mRNA from 
wild-rype and HAT4-trarLSgenic plants were 
labeled with fluorescein and lissamine, re- 
spectively; the two probes were then mixed 
and hybndized xo a single array. An mter\sc 
hybridization signal was observed at the 
position of the HAT4 cDNA in the lissa- 
mine-specific scan (Fig. ID), but not in the 
fluoresce in-specific scan of the same array 
(Fig. IC). Calibration with AChR mRNA 
added to the fluorescein and lissamine 
cDNA synthesis reactions at dilutions of 
1:10,000 (Fig. IC) and 1:100 (Fig. ID), 
respectively, revealed a 50-fold elevation of 
HA.T4 mRNA m the trarugenic Ime rela- 
tive to Its abundance in wild-type plants 
(Table 2). This magnirude of HAT4 over- 
expression matched that inferred from the 
Northern (RNA) analysis within a factor of 
2 (Fig. 2 and Table 2). Expression of all the 
other genes monitored on the array differed 
by less than a factor of 5 between HAT4- 
transgenic and wild-rype piano (Fig 1. C 



WW type HAT4 



CABI 



HAT4 



ROC1 




Human 
AChR 



20 2.0 02 
mRNA (ng) 

Fig. 2. Gerte expresson monrtOTBd wrth RNA 
(Northem) btot ar^atysis. Designated arrxxjnts 
mRNA from wild-type arx3 HA74-trans9enc 
plants were sported onto rryton membranes and 
proped wTtn tr>e cDNAs rr>d»cated. Purified huT«n 
AChR mRNA was used for caiibration. 
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and D, and Table 2). Hybridization of flu- 
oresccin-labcled glucoconicoid receptor 
cDNA (Fig. IC) and lissaminc-labcled 
TRP4 cDNA (Fig. ID) verified the pres- 
ence of the negative control targets and the 
lack of optical cross talk between the two 
fluorophores. 

To explore a more complex alteration in 
expression panems, we performed a second 
two-color hybndiiation experiment with 
fluorescein- and lissamine- labeled probes 
prepared from root and leaf mRNA, respec- 
tively. Tht scanning sensitivities for the 
two fluorophores were normalized by 
matching the signab resulting from AChR 



•Propnetary sequence of Stratagene (La Joto, CaWoma). 



mRNA. which was added to both cDNA 
synthesis reactions at a dilution of hlCXX) 
(Fig. 1, E and F). A comparison of the scans 
revealed widespread differences in gene ex- 
pression between root and leaf tissue (Fig. 1, 
E and F). The mRNA from the hghi-rcgu- 
lated CABl gene was '-SOO-fold more abun- 
dant in leaf (Fig. IF) than in root tissue 
(Fig. IE). The expression of 26 other genes 
differed between root and leaf tissue by 
more than a factor of 5 (Fig. 1, E and F). 

The HAT4 -transgenic line we examined 
has elongated hypocotyls, early flowenng, 
poor germination, and altered pigmentation 
(8). Although changes in expression were 



tNo match n the database; novel EST. 
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observed for HAT4, large changes m ex- 
pression were not obscr\'ed for anv or rhe 
other 44 genes we examined. This ua> 
somewhat surprising, panicularly because 
comparative analysis of leaf and root tissue 
identified 27 differentially expressed genes. 
Analysis of an expanded set of genes mav be 
required to identify genes whose expression 
changes upon HAT4 overexprcssion; aiter- 
rutively, a comparison of mRNA popula- 
tions from specific tissues of wild-type and 
HAT4 -transgenic plants may allow identi- 
fication of do\^'nstream genes. 

At the current density of robotic printing, 
it IS feasible to scale up the fabncation pro- 
cess to produce arrays containing 20,0CX) 
cDNA targets. At this densit>'. a single array 
would be sufficient to provide gene-spccific 
targets encompassing nearly the entire rep- 
ertoire of expressed genes in the Arabuiopsis 
genome (2). The availability of 20,274 ESTs 
from Araindbpsis (1,9) would provide a rich 
source of templates for such studies. 

The estimated 100.(X)0 genes in the hu- 
man genome (JO) exceeds the number of 
Arabidopsis genes by a factor of 5 (2). This 
modest increase in complexity suggests that 
similar cDNA microarrays, prepared from 
the rapidly growing repertoire of human 
ESTs (J), could be used to determine the 
expression patterns of tens of thousaiuls of 
human genes in diverge cell types. Coupling 
an amplification strategy to the revcrae 
transcnption reaction {11) could make it 
feasible to monitor expression even in 
minute tissue samples. A wide variety of 
acute and chronic physiological and patho- 
logical conditions might lead to character- 
istic changes in the patterns of gene expres- 
sion m peripheral blood cells or other easily 
sampled tissues. In concert with cDN A mi- 
croarrays for monitoring complex expres- 
sion patterns^ these tissues might therefore 
serve as sensitive m vivo sensors for clinical 
diagnosis. Microarrays of cDNAs could thus 
provide a useful link between human gene 
sequences and clinical medicine. 

Table 2. Gene expression monitoring by mteroar- 
ray and RNA blot analyses; tg. HAT4-trBnsgenic. 
See Table 1 for additional gene information. Ex- 
pression levels (w/w) were caHbrated wttfi the use 
of known amounts of human AChR mRNA. Values 
for the microarray were deternw^ed from microar- 
ray scans (Fig. 1); values for the RNA btot were 
detemiined from RNA blots (Fig. 2). 



Expression level (w/w) 



Gene 


Microafray 


RNA blot 


CABl 


1:48 


1:83 


CABl (tg) 


1:120 


1:150 


HAT4 


1:8300 


1:6300 


HAT4 Og) 


1:150 


1:210 


ROC1 


1:1200 


1:1800 


Rocim 


1:260 


1:1300 
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Table 1. Sequences contained on the cONA microarray. Shown is the position, the knosvn or putative 
function, and the accession number of each cDNA in the microarray Fig. 1 )• All txrt three of tr>e ESTs used 
in this study matched a sequence tn the database. NADH. reduced form of nicotinamide adenine 
dinucleotide; ATPase. adenosine triphosphatase; GTP, guar>osine tnphosphate. 



Position 


cDNA 


Function 


1 lUI 1 ILXSI 


a1, 2 


AChR 


Human AChR 




a3, 4 


ESTS 


Actin 


H36236 


as! 6 


EST6 


NADH dehydrogenase 


Z27010 


a7. 8 


AAC1 


Actin 1 


M20016 


a9, 10 


EST12 


Unknown 


U36594t 


all. 12 


EST13 


Actin 


T45783 


b1, 2 


CAB! 


Chlorophyll a/b binding 


M85150 


bS. 4 


EST17 


Phosphogiycerate kinase 


T44490 


b5. 6 


GA4 


Gibbereliic acid biosynthesis 


L37126 


b7, 8 


EST19 


Unkrxjwn 


U36595t 


b9. 10 


GBF-1 


G-box binding factor 1 


X63894 


b11. 12 


EST23 


Bongation factor 


X52256 


cl.2 


EST29 


Aldolase 


T04477 


c3. 4 


GBF-2 


G-box bindmg factor 2 


X63895 


c5. 6 


EST34 


Chloroptast protease 


R87034 


c7,8 


EST35 


Unknown 


T14152 


c9. 10 


EST41 


Gatalase 


T22720 


ell. 12 


rGR 


Rat ghjcocorticoid receptor 


Ml 4053 


d1.2 


EST42 


Unknown 


U36596t 




POT AC, 
Co 1 **D 


M 1 Kase 




d5. 6 


HAT1 


Homeobox -leucine zipper 1 


U09332 


d7, 8 


EST46 


Light harvesting complex 


T04063 


d9. 10 


EST49 


UnkrK)wn 


T 76257 


dl1. 12 


H4T2 


Homeobox-leucine zipper 2 


U09335 


el. 2 


HAT4 


Homeobox-leucine zipper 4 


M90394 


83, 4 


EST50 


Phosphoribulokinase 


T04344 


e5. 5 


H4T5 


Homeobox-leucine zipper 5 


M90416 


67, 8 


EST51 


Ur»krx>wn 


233675 


69, 10 


HAT22 


Hofneobox-leucine zipper 22 


U09336 


ell, 12 


EST52 


Oxygen evoMng 


T21749 


fi, 2 


EST59 


Unknown 


Z34607 


f3. 4 


KNAT1 


Knofted-like homeobox 1 


U14174 


f5. 6 


EST60 


RuBtsCO small subunn 


XI 4564 


r. 8 


EST69 


Translation elongation factor 


T42799 


t9. 10 


PPH1 


Protetn phosphatase 1 


U34803 


til. 12 


EST70 


Unknown 


T44621 


91,2 


EST75 


Chloroptast protease 


T43698 


g3. 4 


EST78 


Unknown 


R65481 


g5, 6 


R0C1 


Cyctophilin 


L14844 


g7.e 


EST82 


GTP binding 


X59152 


g9, 10 


EST83 


Unknown 


233795 


gii, 12 


EST84 


Unknown 


T45278 


hi. 2 


EST91 


Unknown 


T13832 


h3. 4 


EST96 


Unknown 


R64816 


h5. 6 


SARI 


Synaptobrevtn 


M90418 


h7, 8 


EST100 


Ught harvesting corrplex 


218205 


h9. 10 


EST103 


Light harvesting complex 


X03909 


h11, 12 


mP4 


Yeast tryptophan biosynthesis 


X04273 
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Severe combined immunodeficiency asso- 
ciated with inherited deficiencv of ADA 
(/) is usually fatal unless affected children 
are kept in protective isolation or the im- 
mune system is reconstituted by bone mar- 
row transplantation from a human leuko- 
cyte antigen (HLA)-identical sibling donor 
(2). This is the therapy of choice, although 
It IS available only for a minorirv of patients. 
In recent years, other forms of therapy have 
been developed, including transplants from 
haploidcntical donors (3, 4), exogenous en- 
zyme replacement (5), and somatic-cell 
gene therapy (6-9). 

We previously reported a preclinical mod- 
el in which ADA gene transfer and expression 
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successfully restored immune functions in hu- 
man ADA-dcficient (ADA") penpheral 
blood lymphocytes (PBLs) in immunodefi- 
cient mice in vivo (JO. 11). On the basis of 
these preclinical results, the clinical applica- 
tion of gene therapy for the treacmcnt of 
ADA" SCID (severe combined immunodefi- 
ctencv disease) patients who previously failed 
exogenous cruymc replacement therapy was 
approved by our lr\stitutional Ethical Com- 
miaecs and by the Italian National Commit- 
tee for Bioethics ( 12). In addition to evaluat- 
ing the safety and efficacy of the gene therapy 
procedure, the aim of the study was to define 
the relative role of PBLs and hematopoietic 
stem cells in the long-term rccoruticution of 
immune functions after retroviral vector-me- 
diated ADA gene transfer. For this purpose, 
two structurally identical vectors expressing 
the hunun ADA complementary DNA 
(cDNA), distinguishable by the presence of 
alternative restriction sites in a nonfunctional 
region of the viral long-termmal repeat 
(LTTl), were used to trar\sduce PBLs and bone 
marrow (BM) cells independently. This pro- 
cedure allowed identification of the ongm of 



Gene Therapy in Peripheral Blood 
Lymphocytes and Bone Marrow for 
ADA" Immunodeficient Patients 

Claudio Bordignon,* Luigi D. Notarangeio. Nadia Nobili, 
Giuliana Fen-ari, Giulia Casorati, Paola Panina. Evelina Mazzolari, 
Daniela Maggioni, Claudia Rossi, Paolo Servida, 
Alberto G. Ugazio, Fulvio Mavilio 

Adenosine deaminase (ADA) deficiency results in severe combined immunodeficiency, 
the first genetic disorder treated by gene therapy. Two different retroviral vectors were 
used to transfer ex vivo the human ADA minigene into bone marrow cells and peripheral 
blood lymphocytes from two patients undergoing exogenous enzyme replacement ther- 
apy. After 2 years of treatment, long-term survival of T and B lymphocytes, marrow cells, 
and granulocytes expressing the transferred ADA gene was demonstrated and resulted 
in normalization of the immune repertoire and restoration of cellular and humoral immunity. 
After discontinuation of treatment, T lymphocytes, derived from transduced peripheral 
blood lymphocytes,- were progressively replaced by marrow-denved T cells in both pa- 
tients. These resufts indicate successful gene transfer into long-lasting progenitor cells, 
producing a functional multilineage progeny. 
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MIOtQAMtAYB OF BT nT,ncTr!XT. gAify-^.]|ffl 

Field of tha Inventlop 

5 This invention relates to a method and apparatus 

for fabricating microarrays of biological scunples for 
large scale screening assays, such as arrays of DNA 
samples to be used in DNA hybridization assays for 
genetic research and diagnostic applications • 

10 
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Baclcqro und of the Invention 

A variety of methods are currently available for 
making arrays of biological macromolecules , such as 
^^^ays of nucleic acid molecules or proteins. One 
method for making ordered arrays of DNA on a porous 
membrane is a "dot blot" approach. In this method, a 
vacuiam manifold transfers a plurality, e.gr., 96, 
aqueous samples of DNA from 3 millimeter diameter wells 
to a porous membrane. A common variant of this 
procedure is a "slot-blot" method in which the wells 
have highly-elongated oval shapes. 

The DNA is immobilized on the porous membrane by 
baking the membreme or exposing it to UV radiation. 
This is a manual procedure practical for making one 
array at a time and usually limited to 96 samples per 
array, "Dot-blot" procedures are therefore inadequate 
for applications in which many thousand samples must be 
determined . 

A more efficient technique employed for msOcing 
ordered arrays of genomic fragments uses an array of 
pins dipped into the wells, e.g., the 96 wells of a 
microtitre plate, for transferring an array of samples 
to a substrate, such as a porous membrane. One array 
includes pins that are designed to spot a membrane in a 
staggered fashion, for creating an array of 9216 spots 
in a 22 X 22 cm area (Lehrach, et ai . , 1990). A 
limitation with this approach is that the volume of DNA 
spotted in each pixel of each array is highly variable. 
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In addition, the number of !*r-7-»x,<- 

iiuiuoer or arrays that can be made with 

each dipping is usually quite small. 

An alternate method of creating ordered arrays of 
nucleic acid sequences is described by Pirrung, et ai . 
(1992), and also by Fodor, et al. (1991) . The method 
involves synthesizing different nucleic acid sequences 
at different discrete regions of a support. This 
method employs elaborate synthetic schemes, and is 
generally limited to relatively short nucleic acid 
sample, e.g., less than 20 bases, a related method has 
been described by Southern, et ai. (1992). 

Khrapko, et al. (i99i) describes a method of 
»aking an oligonucleotide matrix by spotting DNA onto a 
thm layer of polyacrylamide. The spotting is done 
manually with a micropipette. 

None of the methods or devices described in the 
prior art are designed for mass fabrication of 
microarrays characterized by (i) a large number of 
micro-sized assay regions separated by a distance of 
50-200 microns or less, and (ii) a well-defined amount, 
typically in the picomole range, of analyte associated 
with each region of the array. 

Furthermore, current technology is directed at 
performing such assays one at a time to a single array 
25 of DNA molecules. For example, the most common method 
for performing DNA hybridizations to arrays spotted 
onto porous membrane involves sealing the membrane in a 
plastic bag (Maniatas, et ai., 1989) or a rotating 
glass cylinder (Robbins Scientific) with the labeled 
30 hybridization probe inside the sealed chamber. For 
arrays made on non-porous surfaces, such as a 
microscope slide, each array is incubated with the 
labeled hybridization probe sealed under a coverslip. 
These techniques require a separate sealed chamber for 
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each array which makes the screening and handling of 
many such arrays inconvenient and time intensive. 

Abouzied, et al • (1994) describes a method of 
printing horizontal lines of antibodies on a 
5 nitrocellulose membrane and separating regions of the 
membrane with vertical stripes of a hydrophobic 
material. Each vertical stripe is then reacted with a 
different antigen and the reaction between the 
immobilized antibody and an antigen is detected using a 
10 standard ELISA colorimetric technique. Abouzied's 
technique makes it possible to screen many one- 
dimensional arrays simultaneously on a single sheet of 
nitrocellulose. Abouzied meUces the nitrocellulose 
somewhat hydrophobic using a line drawn with PAP Pen 
15 (Research Products International) . However Abouzied 
does not describe a technology that is capable of 
completely sealing the pores of the nitrocellulose. The 
pores of the nitrocellulose are still physically open 
and so the assay reagents can leak through the 
20 hydrophobic barrier during extended high temperature 
incubations or in the presence of detergents which 
makes the Abouzied technique unacceptable for DNA 
hybridization assays. 

Porous membranes with printed patterns of 
25 hydrophilic/hydrophobic regions exist for applications 
such as ordered arrays of bacteria colonies. QA Life 
Sciences (San Diego CA) makes such a membrane with a 
grid pattern printed on it. However, this membrane has 
the same disadvantage as the Abouzied technique since 
reagents can still flow between the gridded arrays 
making them unusable for separate DNA hybridization 
assays. 

Pall Corporation make a 9 6-well plate with a 
porous filter heat sealed to the bottom of the plate. 
35 These plates are capable of containing different 
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reagents in each well without cross-contamination. 
However, each well is intended to hold only one target 
element whereas the invention described here makes a 
microarray of many biomolecules in each subdivided 
5 region of the solid support. Furthermore, the 96 well 
plates are at least 1 cm thick and prevent the use of 
the device for many color imetric, fluorescent and 
radioactive detection formats which require that the 
membrane lie flat against the detection surface. The 

10 invention described here requires no further processing 
after the assay step since the barriers elements are 
shallow and do not interfere with the detection step 
thereby greatly increasing convenience. 

Hyseq Corporation has described a method of making 

15 an "array of arrays" on a non-porous solid support for 
use with their sequencing by hybridization technique. 
The method described by Hyseq involves modifying the 
chemistry of the solid support material to form a 
hydrophobic grid pattern where each subdivided region 

20 contains a microarray of biomolecules. Hyseq' s flat 
hydrophobic pattern does not make use of physical 
blocking as an additional means of preventing cross 
contaunination . 

25 B«w»Hf>yY of the Invention 

The invention includes, in one aspect, a method of 
forming a microarray of analyte-assay regions on a 
solid support, where each region in the array has a 
known amount of a selected, analyte-specif ic reagent, 

30 The method involves first loading a solution of a 
selected analyte-specif ic reagent in a reagent- 
dispensing device having an elongate capillary channel 
(i) formed by spaced-apart , coextensive elongate 
members, (ii) adapted to hold a quantity of the reagent 

35 solution and (iii) having a tip region at which aqueous 
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solution in the channel forms a meniscus. The channel 
is preferably formed by a pair of spaced-apart tapered 
elements. 

The tip of the dispensing device is tapped against 
5 a solid support at a defined position on the support 

surface with an impulse effective to break the meniscus 
in the capillary channel deposit a selected volume of 
solution on the surface, preferably a selected volume 
in the range 0.01 to 100 nl. The two steps are 
10 repeated until the desired array is formed. 

The method may be practiced in forming a plurality 
of such eurrays, where the solution-depositing step is 
are applied to a selected position on each of a 
plurality of solid supports at each repeat cycle. 
15 The dispensing device may be loaded with a new 

solution, by the steps of (i) dipping the capilleiry 
channel of the device in a wash solution, (ii) removing 
wash solution drawn into the capillary channel, and 
(iii) dipping the capillaury channel into the new 
20 reagent solution. 

Also included in the invention is an automated 
apparatus for forming a microarray of analyte-assay 
regions on a plurality of solid supports, where each 
region in the array has a )cnown amount of a selected, 
25 analyte-specific reagent. The app6uratus has a holder 
for holding, at known positions, a plurality of planar 
supports, and a reagent dispensing device of the type 
described above. 

The apparatus further includes positioning 
30 structure for positioning the dispensing device at a 
selected array position with respect to a support in 
said holder, and dispensing structure for moving the 
dispensing device into tapping engagement against a 
support with a selected impulse effective to deposit a 
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selected volume on the support, e.g., a selected volume 
in the volume range 0.01 to 100 nl. 

The positioning and dispensing structures are 
controlled by a control unit in the apparatus- The 
unit operates to (i) place the dispensing device at a 
loading station, (ii) move the capillary channel in the 
device into a selected reagent at the loading station, 
to load the dispensing device with the reagent, and 
(iii) dispense the reagent at a defined array position 
on each of the supports on said holder. The unit may 
further operate, at the end of a dispensing cycle, to 
wash the dispensing device by (i) placing the 
dispensing device at a washing station, (ii) moving the 
capillary channel in the device into a wash fluid, to 
15 load the dispensing device with the fluid, and (iii) 
remove the wash fluid prior to loading the dispensing 
device with a fresh selected reagent. 

The dispensing device in the apparatus may be one 
of a plurality of such devices which are carried on the 
arm for dispensing different analyte assay reagents at 
selected spaced array positions. 

In another aspect, the invention includes a 
s\ibstrate with a surface having a microarray of at 
least 10^ distinct polynucleotide or polypeptide 
biopolymers in a surface area of less than about l cm^. 
Each distinct biopolymer (i) is disposed at a separate, 
defined position in said array, (ii) has a length of at 
least 50 sxibunits, and (iii) is present in a defined 
amount between about O.l femtomoles and 100 nanomoles. 

In one embodiment, the surface is glass slide 
surface coated with a polycationic polymer, such as 
polylysine, and the biopolymers are polynucleotides. 
In another embodiment, the substrate has a water- 
impermeable backing, a water-permeable film formed on 
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the backing, and a grid formed on the film. The grid 
is composed of intersecting water-impervious grid 
elements extending from said backing to positions 
raised above the surface of said film, and partitions 
5 the film into a plurality of water-impervious cells. A 
biopolymer array is formed within each well. 

More generally, there is provided a substrate for 
use in detecting binding of labeled polynucleotides to 
one or more of a plurality different-sequence, 

10 immobilized polynucleotides. The substrate includes, 
in one aspect, a glass support, a coating of a 
polycationic polymer, such as poly lysine, on said 
surface of the support, and an array of distinct 
polynucleotides electrostatically bound non-covalently 

15 to said coating, where each distinct biopolymer is 

disposed at a sepeurate, defined position in a surface 
array of polynucleotides. 

In another aspect, the substrate includes a water- 
impermeable backing, a water-permeable film formed on 

20 ttie backing, and a grid formed on the film, where the 
grid is composed of intersecting water-impervious grid 
elements extending from the backing to positions raised 
above the surface of the film, forming a plxirality of 
cells. A biopolymer array is formed within each cell. 

25 Also forming paxt of the invention is a method of 

detecting differential expression of each of a 
plurality of genes in a first cell type, with respect 
to expression of the same genes in a second cell type. 
In practicing the method, there is first produced 

3 0 fluorescent-labeled cDNA's from mRNA's isolated from 
the two cells types, where the cDNA'S from the first 
and second cells are labeled with first and second 
different fluorescent reporters. 

A mixture of the labeled cDNA's from the two cell 

35 types is added to an array of polynucleotides 
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representing a plurality of knovn genes derived from 
the two cell types, under conditions that result in 
hybridization of the cDNA's to complementary-sequence 
polynucleotides in the array. The array is then 
5 examined by fluorescence under fluorescence excitation 
conditions in which (i) polynucleotides in the array 
that are hybridized predominantly to cDNA's derived 
from one of the first and second cell types give a 
distinct first or second fluorescence emission color, 
10 respectively, and (ii) polynucleotides in the array 

that are hybridized to substantially equal numbers of 
cDNA's derived from the first and second cell types 
give a distinct combined fluorescence emission color, 
respectively. The relative expression of known genes 
15 in the two cell types can then be determined by the 
observed fluorescence emission color of each spot. 

These and other objects and features of the 
invention will become more fully apparent when the 
following detailed description of the invention is read 
20 in conjunction with the accompanying figures. 

Brief Deaeription of the Dravinas 
Pig. 1 is a side view of a reagent-dispensing 
device having a open-capillary dispensing head 
25 constructed for use in one embodiment of the invention; 

Figs. 2A-2C illustrate steps in the delivery of a 
fixed- vol vune bead on a hydrophobic surface employing 
the dispensing head from Fig. l, in accordance with one 
embodiment of the method of the invention; 
3 0 Fig. 3 shows a portion of a two-dimensional array 

of analyte-assay regions constructed according to the 
method of the invention; 

Fig. 4 is a planar view showing components of an 
automated apparatus for forming arrays in accordance 
35 with the invention. 
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Fig. 5 shows a fluorescent image of an actual 20 x 
20 array of 400 f luorescently-laoeled DNA samples 
immobilized on a poly-l-lysine coated slide, where the 
total area covered by the 400 element array is 16 
5 square millimeters; 

Fig. 6 is a fluorescent image ofal.8cmxi.8cm 
microarray containing lauabda clones with yeast inserts, 
the fluorescent signal arising from the hybridization 
to the array with approximately half the yeast genome 
10 labeled with a green fluorophore and the other half 
with a red fluorophore; 

Fig. 7 shows the translation of the hybridization 
image of Fig. 6 into a karyotype of the yeast genome, 
where the elements of Fig. -6 microarray contain yeast 
15 DNA sequences that have been previously physically 
mapped in the yeast genome; 

Fig. 8 show a fluorescent image ofa0.5cmxc.5 
cm microeuxay of 24 cDNA clones, where the microarray 
was hybridized simultaneously with total cDNA from wild 
20 type Arai?idopsis plant labeled with a green fluorophore 
and total cDNA from a transgenic Arajbldopsis plant 
labeled with a red fluorophore, and the arrow points to 
the cDNA clone representing the gene introduced into 
the transgenic Arabidopsis plemt; 
25 Fig. 9 shows a plan view of substrate having an 

array of cells formed by barrier elements in the form 
of a grid; 

Fig. 10 shows an enlarged plan view of one of the 
cells in the substrate in Fig. 9, showing an array of 
30 polynucleotide regions in the cell; 

Fig. 11 is an enlarged sectional view of the 
substrate in Fig. 9, taXen along a section line in that 
figure; and 

Fig. 12 is a scanned image of a 3 cm x 3 cm 
35 nitrocellulose solid support containing four identical 
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arrays of M13 clones in each of four quadrants, where 
each quadrant was hybridized simultaneously to a 
different oligonucleotide using an open face 
hybridization method. 

5 

Detailed Description of the Invention 

I- Definitions 

Unless indicated otherwise, the terms defined 
below have the following meanings: 

"Ligand" refers to one member of a ligand/anti- 
ligand binding pair. The ligand may be, for exaunple, 
one of the nucleic acid strands in a complementary, 
hybridized nucleic acid duplex binding pair; an 
effector molecule in an effector /receptor binding pair; 

15 or an antigen in an antigen/ antibody or 
antigen/ antibody fragment binding pair. 

"Antiligand" refers to the opposite member of a 
ligand/anti-ligand binding pair. The antiligand may be 
the other of the nucleic acid strands in a 

20 complementary, hybridized nucleic acid duplex binding 
pair; the receptor molecule in an effector /receptor 
binding pair; or an antibody or antibody fragment 
molecule in antigen/ antibody or antigen/ antibody 
fragment binding pair, respectively. 

25 "Analyte" or "analyte molecule'* refers to a 

molecule, typically a macromolecule, such as a 
polynucleotide or polypeptide, whose presence, amount, 
and/ or identity are to be determined. The analyte is 
one member of a ligand/anti-ligand pair. 

30 "Analyte-specif ic assay reagent" refers to a 

molecule effective to bind specifically to an analyte 
molecule. The reagent is the opposite member of a 
ligand/anti-ligand binding pair. 

An "array of regions on a solid support" is a 

35 linear or two-dimensional array of preferably discrete 
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regions, each having a finite area, formed on the 
surface of a solid support, 

A "microarray** is an array of regions having a 
density of discrete regions of at least about 100/cxn^ 
and preferably at least about lOOO/cm^ The regions in 
a microarray have typical dimensions, e.g., diameters, 
in the range of between about 10-250 ^m, and are 
separated from other regions in the array by about the 
same distance. 

A support surface is "hydrophobic" if a aqueous- 
medium droplet applied to the surface does not spread 
out substantially beyond the area size of the applied 
droplet. That is, the surface acts to prevent 
spreading of the droplet applied to the surface by 
hydrophobic interaction with the droplet. 

A "meniscus" means a concave or convex surface 
that forms on the bottom of a liquid in a channel as a 
result of the surface tension of the liquid. 

"Distinct biopolymers", as applied to the 
biopolymers forming a microarray, means an array member 
which is distinct from other array members on the basis 
of a different biopolymer sequence, and/ or different 
concentrations of the same or distinct biopolymers, 
and/or different mixtures of distinct or different- 
concentration biopolymers. Thus an array of "distinct 
polynucleotides" means an array containing, as its 
members, (i) distinct polynucleotides, which may have a 
defined amount in each member, (ii) different, graded 
concentrations of given-sequence polynucleotides, 
and/or (iii) different-composition mixtures of two or 
more distinct polynucleotides. 

"Cell type" means a cell from a given source, 
e.g., a tissue, or organ, or a cell in a given state of 
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differentiation, or a cell associated with a given 
pathology or genetic makeup. 

Method of MieroaT-T-;^ v Formatio n 
This section describes a method of forming a 
microarray of analyte-assay regions on a solid support 
or substrate, where each region in the array has a 
3cnown amount of a selected, analyte-specif ic reagent. 

Fig. 1 illustrates, in a partially schematic view, 
a reagent-dispen-ing device lo useful in practicing the 
method. The device generally includes a reagent 
dispenser 12 having an elongate open capillary . channel 
14 adapted to hold a quantity of the reagent solution, 
such as indicated at 16, as will be described below. 
15 The capillary channel is formed by a pair of spaced- 

apart, coextensive, elongate members 12a, l2b which are 
tapered toward one another and converge at a tip or tip 
region 18 at the lower end of the channel. More 
generally, the open channel is formed by at least two 
20 elongate, spaced-apart members adapted to hold a 

quantity of reagent solutions and having a tip region 
at which aqueous solution in the channel forms a 
meniscus, such as the concave meniscus illustrated at 
20 in Fig. 2A. The advantages of the open channel 
25 construction of the dispenser are discussed below. 

With continued reference to Fig. 1, the dispenser 
device also includes structure for moving the dispenser 
rapidly toward and away from a support surface, for 
effecting deposition of a known amount of solution in 
the dispenser on a support, as will be described below 
with reference to Figs. 2A-2C. In the embodiment 
shown, this structure includes a solenoid 22 which is 
activatable to draw a solenoid piston 24 rapidly 
downwardly, then release the piston, e.g., under spring 
35 bias, to a normal, raised position, as shown. The 
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dispenser is carried on the piston by a connecting 
member 26, as shown. The just-described moving 
structure is also referred to herein as dispensing 
means for moving the dispenser into engagement with a 
5 solid support, for dispensing a known volume of fluid 
on the support. 

The dispensing device just described is carried on 
an arm 28 that may be moved either linearly or in an x- 
y plane to position the dispenser at a selected 

10 deposition position, as will be described. 

Figs. 2A-2C illustrate the method of depositing a 
)cnown sunoxint of reagent solution in the just-described 
dispenser on the surface of a solid support, such as 
the support indicated at 30. The support is a polymer, 

15 glass, or other solid-material support having a surface 
indicated at 31. 

In one general embodiment, the surface is a 
relatively hydrophilic, i.e., wettable surface, such as 
a surface having native, bound- or covalently attached 

20 charged groups. On such surface described below is a 
glass surface having an absorbed layer of a 
polycationic polymer, such as poly-l-lysine. 

In another embodiment, the surface has or is 
formed to have a relatively hydrophobic chaxacter, 

25 i.e., one that causes aqueous medium deposited on the 
surface to bead. A variety of )cnown hydrophobic 
polymers, such as polystyrene, polypropylene, or 
polyethylene have desired hydrophobic properties, as do 
glass and a variety of lubricant or other hydrophobic 

30 films that may be applied to the support surface. 

Initially, the dispenser is loaded with a selected 
analyte-specif ic reagent solution, such as by dipping 
the dispenser tip, after washing, into a solution of 
the reagent, and allowing filling by capillary flow 

35 into the dispenser channel. The dispenser is now moved 
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to a selected position with respect to a support 
surface, placing the dispenser tip directly above the 
support-surface position at which the reagent is to be 
deposited. This movement takes place with the 
dispenser tip in its raised position, as seen in Fig. 
2A, where the tip is typically at least several 1-5 mm 
above the surface of the substrate. 

With the dispenser so positioned, solenoid 22 is 
now activated to cause the dispenser tip to move 
rapidly toward and away from the substrate surface, 
making momentary contact with the surface, in effect, 
tapping the tip of the dispenser against the support 
surface. The tapping movement of the tip against the 
surface acts to break the liquid meniscus in the tip 
channel, bringing the liquid in the tip into contact 
with the support surface. This, in turn, produces a 
flowing of the liquid into the capillary space between 
the tip and the surface, acting to draw liquid out of 
the dispenser channel, as seen in Fig. 2B. 

Fig. 2C shows flow of fluid from the tip onto the 
support surface, which in this case is a hydrophobic 
surface. The figxire illustrates that liquid continues 
to flow from the dispenser onto the support surface 
until it forms a liquid bead 32. At a given bead size, 
i.e., volxame, the tendency of liquid to flow onto the 
surface will be balanced by the hydrophobic surface 
interaction of the bead with the support surface, which 
acts to limit the total bead area on the surface, and 
by the surface tension of the droplet, which tends 
toward a given bead curvature. At this point, a given 
bead volume will have formed, and continued contact of 
the dispenser tip with the bead, as the dispenser tip 
is being withdrawn, will have little or no effect on 
bead volume. 
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For licjuid-dispensing on a more hydrophilic 
surface, the liquid will have less of a tendency to 
bead, and the dispensed volume will be more sensitive 
to the total dwell time of the dispenser tip in the 
5 immediate vicinity of the support surface, e.g., the 
positions illustrated in Figs. 2B and 2C. 

The desired deposition volume, i.e., bead volume, 
formed by this method is preferably in the range 2 pi 
(picoliters) to 2 nl (nanoliters) , although volumes as 
10 high as ICQ nl or more may be dispensed. It will be 
appreciated that the selected dispensed volume will 
depend on (i) the "footprint" of the dispenser tip, 
i.e., the size of the area spanned by the tip, (ii) the 
hydrophobicity of the support surface, and (iii) the 
15 time of contact with and rate of withdrawal of the tip 
from the support surface. In addition, bead size may 
be reduced by increasing the viscosity of the medium, 
effectively reducing the flow time of liquid from the 
dispenser onto the support surface. The drop size may 
20 be further constrained by depositing the drop in a 
hydrophilic region surrounded by a hydrophobic grid 
pattern on the support surface. 

In a typical embodiment, the dispenser tip is 
tapped rapidly against the support surface, with a 
25 total residence time in contact with the support of 
less than about 1 msec, and a rate of upward travel 
from the surface of about 10 cm/ sec. 

Assximing that the bead that forms on contact with 
the surface is a hemispherical bead, with a diameter 
30 approximately equal to the width of the dispenser tip, 
as shown in Fig. 2C, the volume of the bead formed in 
relation to dispenser tip width (d) is given in Table l 
below. As seen, the volume of the bead ranges between 
2 pi to 2 nl as the width size is increased from about 
35 20 to 200 Mm- 
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Table 1 




Volune (nl) 



20 ma 



2 X 10-^ 



5 



50 



3.1 X 10-' 



100 um 



2.5 X 10*' 



200 /im 



2 



I 



At a given tip size, bead volume can be reduced in 
a controlled fashion by increasing sxirface 
hydrophobicity, reducing time of contact of the tip 
with the surface, increasing rate of movement of the 
tip away from the surface, and/or increasing the 

15 viscosity of the medium. Once these parameters are 

fixed, a selected deposition volume in the desired pi 
to nl range can be achieved in a repeatable fashion. 

After depositing a bead at one selected location 
on a support, the tip is typically moved to a 

20 corresponding position on a second support, a droplet 
is deposited at that position, and this process is 
repeated until a liquid droplet of the reagent has been 
deposited at a selected position on each of a plurality 
of supports. 

25 The tip is then washed to remove the reagent 

liquid, filled with another reagent liquid and this 
reagent is now deposited at each another array position 
on each of the supports. In one embodiment, the tip is 
washed and refilled by the steps of (i) dipping the 

3 0 capillary channel of the device in a wash solution, 
(ii) removing wash solution drawn into the capillary 
channel, and (iii) dipping the capillary channel into 
the new reagent solution. 

From the foregoing, it will be appreciated that 

35 the tweezers-like, open-capillary dispenser tip 
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provides the advantages that (i) the open channel of 
the tip facilitates rapid, efficient washing and drying 
before reloading the tip with a new reagent, (ii) 
passive capillary action can load the sample directly 
5 from a standard microwell plate while retaining 

sufficient saunple in the open capillary reservoir for 
the printing of numerous arrays, (iii) open capillaries 
are less prone to clogging than closed capillaries, and 
(iv) open capillaries do not require a perfectly faced 

10 bottom surface for fluid delivery. 

A portion of a microarray 3 6 formed on the siirface 
38 of a solid support 40 in accordance with the method 
just described is shown in Fig. 3, The array is formed 
of a plxirality of analyte-specif ic reagent regions, 

15 such as regions 42, where each region may include a 
different analyte-specif ic reagent. As indicated 
above, the diameter of each region is preferably 
between eU^out 20-200 /xm. The spacing between each 
region and its closest (non-diagonal) neighbor, 

20 measxired from center-to-center (indicated at 44), is 

preferably in the range of about 20-400 ^m. Thus, for 
example, an array having a center-to-center spacing of 
about 250 Mm contains about 40 regions/cm or 1,600 
regions/ cm^. After formation of the array, the support 

25 is treated to evaporate the liquid of the droplet 

forming each region, to leave a desired array of dried, 
relatively flat regions. This drying may be done by 
heating or under vacuum. 

In some cases, it is desired to first rehydrate 

3 0 the droplets containing the analyte reagents to allow 
for more time for adsorption to the solid support. It 
is also possible to spot out the analyte reagents in a 
humid environment so that droplets do not dry until the 
arraying operation is complete. 
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Aqtomated Apparatus for For rnina Arr;^Y g 
In another aspect, the invention includes an 
automated apparatus for forming an array of analyte- 
assay regions on a solid support, where each region in 
5 the array has a known amount of a selected, analyte- 
specific reagent. 

The apparatus is shown in planar, and partially 
schematic view in Fig. 4. A dispenser device 72 in the 
apparatus has the basic construction described above 
10 with respect to Fig. 1, and includes a dispenser 74 

having an open-capillary channel terminating at a tip, 
substantially as shown in Figs. 1 and 2A-2C. 

The dispenser is mounted in the device for 
movement toward and away from a dispensing position at 
15 which the tip of the dispenser taps a support surface, 
to dispense a selected volxme of reagent solution, as 
described above. This movement is effected by a 
solenoid 76 as described above. Solenoid 76 is under 
the control of a control unit 77 whose operation will 
20 be described below.' The solenoid is also referred to 
herein as dispensing means for moving the device into 
tapping engagement with a support, when the device is 
positioned at a defined array position with respect to 
that support. 

25 The dispenser device is carried on an arm 74 which 

is threadedly mounted on a worm screw 80 driven 
(rotated) in a desired direction by a stepper motor 82 
also under the control of unit 77. At its left end in 
the figure screw 8 0 is carried in a sleeve 84 for 

3 0 rotation about the screw axis. At its other end, the 
screw is mounted to the drive shaft of the stepper 
motor, which in turn is carried on a sleeve 86. The 
dispenser device, worm screw, the two sleeves mounting 
the worm screw, and the stepper motor used in moving 

35 the device in the ••x" (horizontal) direction in the 
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figure form what is referred to here collectively as a 
displacement assembly 86. 

The displacement assembly is constructed to 
produce precise, micro-range movement in the direction 
5 of the screw, i.e., along an x axis in the fig\ire. In 
one mode, the assembly functions to move the dispenser 
in X-axis increments having a selected distance in the 
range 5-25 ^m. In another mode, the dispenser unit may 
be moved in precise x-axis increments of several 

10 microns or more,; for positioning the dispenser at 

associated positions on adjacent supports, as will be 
described below. 

The displacement assembly, in turn, is mounted for 
movement in the "y" (vertical) axis of the figxire, for 

15 positioning the dispenser at a selected y axis 

position. The structure mounting the assembly includes 
a fixed rod 88 mounted rigidly between a pair of frame 
bars 90, 92, and a worm screw 94 mounted for rotation 
between a pair of frame bears 96, 98. The worm screw is 

20 driven (rotated) by a stepper motor 100 which operates 
under the control of unit 77 . The motor is mounted on 
bar 96, as shown. 

The structure just described, including worm screw 
94 and motor 100, is constructed to produce precise, 

25 micro-range movement in the direction of the screw, 
i.e., along an y axis in the figure. As above, the 
structure functions in one mode to move the dispenser 
in y-axis increments having a selected distance in the 
range 5-250 /i^, and in a second mode, to move the 

30 dispenser in precise y-axis increments of several 

microns (^m) or more, for positioning the dispenser at 
associated positions on adjacent supports. 

The displacement assembly and structure for moving 
this assembly in the y axis are referred to herein 

35 collectively as positioning means for positioning the 
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dispensing device at a selected array position with 
respect to a support. 

A holder 102 in the apparatus functions to hold a 
plurality of supports, such as supports 104 on which 
5 the microarrays of regent regions are to be formed by 
the apparatus. The holder provides a number of 
recessed slots, such as slot 106, which receive the 
supports, and position them at precise selected 
positions with respect to the frame bars on which the 
10 dispenser moving means is mounted. 

As noted above, the control unit in the device 
functions to actuate the two stepper motors and 
dispenser solenoid in a sequence designed for automated 
operation of the apparatus in forming a selected 
15 microeurray of reagent regions on each of a plurality of 
supports . 

The control unit is constructed, according to 
conventional microprocessor control principles, to 
provide appropriate signals to each of the solenoid and 

20 each of the stepper motors, in a given timed sequence 
and for appropriate signalling time. The construction 
of the unit, and the settings that are selected by the 
user to achieve a desired array pattern, will be 
understood from the following description of a typical 

25 apparatus operation. 

Initially, one or more supports are placed in one 
or more slots in the holder. The dispenser is then 
moved to a position directly above a well (not shown) 
containing a solution of the first reagent to be 

30 dispensed on the support (s) . The dispenser solenoid is 
actuated now to lower the dispenser tip into this well, 
causing the capillary channel in the dispenser to fill. 
Motors 82, 100 are now actuated to position the 
dispenser at a selected array position at the first of 

35 the supports. Solenoid actuation of the dispenser is 
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then effective to dispense a selected-volume droplet of 
that reagent at this location. As noted above, this 
operation is effective to dispense a selected volume 
preferably between 2 pi and 2 nl of the reagent 
5 solution. 

The dispenser is now moved to the corresponding 
position at an adjacent support and a similar volume of 
the solution is dispensed at this position. The 
process is repeated until the reagent has been 
10 dispensed at this preselected corresponding position on 
each of the supports. 

Where it is desired to dispense a single reagent 
at more than two array positions on a support, the 
dispenser may be moved to different array positions at 
15 each support, before moving the dispenser to a new 
support, or solution can be dispensed at individual 
positions on each support, at one selected position, 
then the cycle repeated for each new array position. 
To dispense the next reagent, the dispenser is 
20 positioned over a wash solution (not shown) , and the 
dispenser tip is dipped in and out of this solution 
until the reagent solution has been substantially 
washed from the tip. Solution can be removed from the 
tip, after each dipping, by vacuum, compressed air 
25 spray, sponge, or the like. 

The dispenser tip is now dipped in a second 
reagent well, and the filled tip is moved to a second 
selected array position in the first support. The 
process of dispensing reagent at each of the 
3 0 corresponding second-array positions is then carried as 
above. This process is repeated until an entire 
microarray of reagent solutions on each of the supports 
has been formed. 



35 



IV. Microarray Substrate 
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This section describes embodiments of a substrate 
having a microarray of biological polymers carried on 
the substrate surface. Subsection A describes a multi- 
cell substrate, each cell of which contains a 
5 microarray, and preferably an identical microarray, of 
distinct biopolymers, such as distinct polynucleotides, 
formed on a porous surface. Subsection B describes a 
microarray of distinct polynucleotides bound on a glass 
slide coated with a polycationic polymer. 

10 

A. Multi-Cell Substrata 

Fig. 9 illustrates, in plan view, a substrate 110 
constructed according to the invention. The substrate 
has an 8 X 12 rectangular array 112 of cells, such as 

15 cells 114, 116, formed on the substrate surface. With 
reference to Fig. 10, each cell, such as cell 114, in 
turn supports a microarray 118 of distinct biopolymers, 
such as polypeptides or polynucleotides at known, 
addressable regions of the microarray. Two such 

20 regions forming the microarray are indicated at 120, 

and correspond to regions, such as regions 42, forming 
the microarray of distinct biopolymers shown in Fig. 3. 

The 96-cell array shown in Pig. 9 has typically 
array dimensions between about 12 and 244 mm in width 

25 and 8 and 400 mm in length, with the cells in the array 
having width and length dimension of 1/12 and 1/8 the 
array width and length dimensions, respectively, i.e., 
between about 1 and 20 in width and l and 50 mm in 
length. 

30 The construction of substrate is shown cross- 

sectionally in Fig. 11, which is an enlarged sectional 
view taOcen along view line 124 in Fig. 9. The 
substrate includes a water-impermeable backing 12 6, 
such as a glass slide or rigid polymer sheet. Formed 

35 on the surface of the backing is a water-permeable film 
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128. The film is formed of a porous membrane material, 
such as nitrocellulose membrane, or a porous web 
material, such as a nylon, polypropylene, or PVDF 
porous polymer material. The thickness of the film is 
5 preferably between about 10 and 1000 ^n. The film may 
be applied to the backing by spraying or coating 
uncured material on the backing, or by applying a 
preformed membrane to the backing. The backing and 
film may be obtained as a preformed unit from 

10 commercial source, e.g., a plastic-backed 

nitrocellulose film available from Schleicher emd 
Schuell Corporation. 

With continued reference to Fig. 11, the film- 
covered surface in the substrate is pcirtitioned into a 

15 desired aorray of cells by water-impermeable grid lines, 
such as lines 130, 132, which have infiltrated the film 
down to the level of the backing, and extend above the 
surface of the film as shown, typically a distance of 
100 to 2000 above the film siarface. 

20 The grid lines are formed on the substrate by 

laying down em uncured or otherwise flowable resin or 
elastomer solution in an array grid, allowing the 
material to infiltrate the porous film down to the 
backing, then curing or otherwise hardening the grid 

25 lines to form the cell-array substrate. 

One preferred material for the grid is a flowable 
silicone available from Loctite Corporation. The 
barrier material can be extruded through a narrow 
syringe (e.g., 22 gauge) using air pressure or 

30 mechanical pressure. The syringe is moved relative to 
the solid support to print the barrier elements as a 
grid pattern. The extruded bead of silicone wicks into 
the pores of the solid support and cures to form a 
shallow waterproof barrier separating the regions of 

35 the solid support. 



wo 95/35505 



PCT/US95A)7659 



25 



In alternative embodiments, the barrier element 
can be a wax-based material or a thermoset material 
such as epoxy. The barrier material can also be a UV- 
curing polymer which is exposed to UV light after being 
5 printed onto the solid support. The barrier material 
may also be applied to the solid support using printing 
techniques such as silk^screen printing. The barrier 
material may also be a heat-seal stamping of the porous 
solid support which seals its pores and forms a water- 
10 impervious barrier element. The barrier material may 
also be a shallow grid which is laminated or otherwise 
adhered to the solid support. 

In addition to plastic-backed nitrocellulose, the 
solid support can be virtually any porous membrane with 
15 or without a non-porous backing. Such membranes are 
readily available from numerous vendors and are made 
from nylon, PVDF, poly sulf one and the like. In an 
alternative embodiment, the barrier element may also be 
used to adhere the porous membrane to a non-porous 
20 backing in addition to functioning as a barrier to 
prevent cross contamination of the assay reagents. 

In an alternative embodiment, the solid support 
can be of a non-porous material. The barrier can be 
printed either before or after the microarray of 
25 biomolecules is printed on the solid support. 

As can be appreciated, the cells formed by the 
grid lines and the underlying backing are water- 
impermeable, having side barriers projecting above the 
porous film in the cells. Thus, def ined-volume samples 
can be placed in each well without risk of cross- 
contamination with sample material in adjacent cells. 
In Fig. 11, defined volumes samples, such as sample 
134, are shown in the cells. 

As noted above, each well contains a microarray of 
35 distinct biopolymers. In one general embodiment, the 



30 
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microarrays in the well are identical arrays of 
distinct biopolymers , e.g., different sequence 
polynucleotides. Such arrays can be formed in 
accordance with the methods described in Section II, by 
5 depositing a first selected polynucleotide at the same 
selected microarray position in each of the cells, then 
depositing a second polynucleotide at a different 
microarray position in each well, and so on until a 
complete, identical microarray is formed in each cell. 

10 In a preferred embodiment, each microarray 

contains about 10^ distinct polynucleotide or 
polypeptide biopolymers per surface area of less than 
about 1 cm^. Also in a preferred embodiment, the 
biopolymers in each microarray region are present in a 

15 defined eunount between about 0.1 femtomoles and 100 

nanomoles. The ability to form high-density arrays of 
biopolymers, where each region is formed of a well- 
defined amount of deposited material, can be achieved 
in accordance with the microarray-f orming method 

2 0 described in Section II. 

Also in a preferred embodiments, the biopolymers 
are polynucleotides having lengths of at least about 50 
bp, i.e., substantially longer than oligonucleotides 
which cam be formed in high-density arrays by schemes 
25 involving parallel, step-wise polymer synthesis on the 
array surface. 

In the case of a polynucleotide array, in an assay 
procedure, a small volume of the labeled DNA probe 
mixture in a standard hybridization solution is loaded 

3 0 onto each cell. The solution will spread to cover the 

entire microarray and stop at the barrier elements. 
The solid support is then incubated in a humid chamber 
at the appropriate temperature as required by the 
assay. 
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Each assay may be conducted in an "open-face" 
format where no further sealing step is required, since 
the hybridization solution will be kept properly 
hydrated by the water vapor in the humid chamber • At 
5 the conclusion of the incubation step, the entire solid 
support containing the numerous microarrays is rinsed 
quickly enough to dilute the assay reagents so that no 
significant cross contamination occurs. The entire 
solid support is then reacted with detection reagents 

10 if needed and analyzed using standard color imetric, 
radioactive or fluorescent detection means. All 
processing and detection steps are performed 
simultaneously to all of the microarrays on the solid 
support ensuring uniform assay conditions for all of 

15 the microarrays on the solid support. 

B* Glass-Slide Polynucleotide Array 
Fig. 5 shows a substrate 136 formed according to 
another aspect of the invention, and intended for use 

20 in detecting binding of labeled polynucleotides to one 
or more of a plurality distinct polynucleotides. The 
substrate includes a glass substrate 138 having formed 
on its surface, a coating of a polycationic polymer, 
preferably a cationic polypeptide, such as polylysine 

25 or polyarginine. Formed on the polycationic coating is 
a microarray 140 of distinct polynucleotides, each 
localized at known selected array regions, such as 
regions 142. 

The slide is coated by placing a uniform-thickness 
30 film of a polycationic polymer, e.g., poly-l-lysine, on 
the surface of a slide and drying the film to form a 
dried coating. The amount of polycationic polymer 
added is sufficient to form at least a monolayer of 
polymers on the glass surface. The polymer film is 
35 bound to surface via electrostatic binding between 
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negative silyl-OH groups on the surface and charged 
amine groups in the polymers. Poly-l-lysine coated 
glass slides may be obtained commercially, e.g., from 
Sigma Chemical Co. (St. Louis, MO). 
5 To form the microarray, defined volumes of 

distinct polynucleotides are deposited on the polymer- 
coated slide, as described in Section II. According to 
an important feature of the substrate, the deposited 
polynucleotides remain bound to the coated slide 

10 surface non-covalently when an aqueous DNA sample is 
applied to the substrate under conditions which allow 
hybridization of reporter-labeled polynucleotides in 
the sample to complementary-sequence (single-stranded) 
polynucleotides in the substrate array. The method is 

15 illustrated in Examples 1 and 2. 

To illustrate this featxire, a substrate of the 
type just described, but having an array of same- 
sequence polynucleotides, was mixed with fluorescent- 
labeled complementary DNA under hybridization 

20 conditions. After washing to remove non-hybridized 
material, the substrate was examined by low-power 
fluorescence microscopy. The array can be visualized 
by the relatively uniform labeling pattern of the array 
regions . 

25 In a preferred embodiment, each microarray 

contains at least 10^ distinct polynucleotide or 
polypeptide biopolymers per surface area of less than 
about 1 cm^. In the embodiment shovn in Fig. 5, the 
microarray contains 400 regions in an area of about 16 

3 0 mm^, or 2.5 x 10^ regions/ cm^. Also in a preferred 

embodiment, the polynucleotides in the each microarray 
region are present in a defined amount between about 
0.1 femtomoles and 100 nanomoles in the case of 
polynucleotides. As above, the ability to form high- 
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density arrays of this type /where each region is 
formed of a well-defined amount of deposited material, 
can be achieved in accordance with the microarray- 
forming method described in Section II. 

Also in a preferred embodiments, the 
polynucleotides have lengths of at least about 50 bp, 
i.e., substantially longer than oligonucleotides which 
can be formed in high-density arrays by various in situ 
synthesis schemes. 



V- Utilil^y 

Microarrays of immobilized nucleic acid sequences 
prepared in accordance with the invention can be used 
for large scale hybridization assays in numerous 
genetic applications, including genetic and physical 
mapping of genomes, monitoring of gene expression, DNA 
sequencing, genetic diagnosis, genotyping of organisms, 
and distribution of DNA reagents to researchers. 

For gene mapping, a gene or a cloned DNA fragment 
is hybridized to an ordered array of DNA fragments, and 
the identity of the DNA elements applied to the array 
is unambiguously established by the pixel or pattern of 
pixels of the array that are detected. One application 
of such arrays for creating a genetic map is described 
25 by Nelson, et al. (1993). in constructing physical 
maps of the genome, arrays of immobilized cloned DNA 
fragments are hybridized with other cloned DNA 
fragments to establish whether the cloned fragments in 
the probe mixtxire overlap and are therefore contiguous 
to the immobilized clones on the array. For example, 
Lehrach, et ai., describe such a process. 

The arrays of immobilized DNA fragments may also 
be used for genetic diagnostics. To illustrate, an 
array containing multiple forms of a mutated gene or 
35 genes can be probed with a labeled mixture of a 
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patient's DNA which will preferentially interact with 
only one of the immobilized versions of the gene. 

The detection of this interaction can lead to a 
medical diagnosis. Arrays of immobilized DNA fragments 
5 can also be used in DNA probe diagnostics. For 

example, the identity of a pathogenic microorganism can 
be established unambiguously by hybridizing a sample of 
the unknown pathogen's DNA to an array containing many 
types of known pathogenic DNA. A similar technique can 

10 also be used for jonambiguous genotyping of any 

organism, other molecules of genetic interest, such as 
cDNA's and RNA's can be immobilized on the array or 
alternately used as the labeled probe mixture that is 
applied to the array. 

15 In one application, an array of cDNA clones 

representing genes is hybridized with total cDNA from 
an organism to monitor gene expression for research or 
diagnostic purposes. Labeling total cDNA from a normal 
cell with one color fluorophore and total cDNA from a 

20 diseased cell with another color fluorophore and 

simultaneously hybridizing the two cDNA samples to the 
same array of cDNA clones allows for differential gene 
expression to be measured as the ratio of the two 
fluorophore intensities. This two-color experiment can 

25 be used to monitor gene expression in different tissue 
types, disease states, response to drugs, or response 
to environmental factors. & An example of this approach 
is illustrated in Examples 2 , described with respect to 
Fig. 8. 

3 0 By way of example and without implying a 

limitation of scope, such a procedure could be used to 
simultaneously screen many patients against all known 
mutations in a disease gene. This invention could be 
used in the form of, for example, 96 identical 0.9 cm x 

35 2.2 cm microarrays fabricated on a single 12 cm x 18 cm 
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Sheet of plastic-backed nitrocellulose where each 
microarray could contain, for example, 100 DNA 
fragments representing all known mutations of a given 
gene. The region of interest from each of the DNA 
5 samples from 96 patients could be amplified, labeled, 
and hybridized to the 96 individual arrays with each 
assay performed in 100 microliters of hybridization 
solution. The approximately 1 thick silicone rubber 
barrier elements between individual arrays prevent 

10 cross contamination of the patient samples by sealing 
the pores of the nitrocellulose and by acting as a 
physical barrier between each microarray. The solid 
support containing all 96 microarrays assayed with the 
96 patient samples is incubated, rinsed, detected and 

15 analyzed as a single sheet of material using standard 
radioactive, fluorescent, or color imetric detection 
means (Maniatas, et al., 1989). Previously, such a 
procedure would involve the handling, processing and 
tracking of 96 separate membranes in 96 separate sealed 

20 chambers. By processing all 96 arrays as a single 

sheet of material, significant time and cost savings 
are possible. 

The assay format can be reversed where the patient 
or organism's DNA is immobilized as the array elements 

25 and each array is hybridized with a different mutated 
allele or genetic marker. The gridded solid support 
can also be used for parallel non-DNA ELISA assays. 
Furthermore, the invention allows for the use of all 
standard detection methods without the need to remove 

3 0 the shallow barrier elements to carry out the detection 
step. 

In addition to the genetic applications listed 
above, arrays of whole cells, peptides, enzymes, 
antibodies, antigens, receptors, ligands, 
35 phospholipids, polymers, drug cogener preparations or 
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Chemical substances can be fabricated by the means 
described in this invention for large scale screening 
assays in medical diagnostics, drug discovery, 
molecular biology, immunology and toxicology. 
5 The multi-cell substrate aspect of the invention 

allows for the rapid and convenient screening of many 
DNA probes against many ordered arrays of DNA 
fragments. This eliminates the need to handle and 
detect many individual arrays for performing mass 
10 screenings for genetic research and diagnostic 

applications. Numerous microarrays can be fabricated 
on the same solid support and each microarray reacted 
with a different DNA probe while the solid support is 
processed as a single sheet of material • 

15 

The following examples illustrate, but in no way 
eore intended to limit, the present invention. 



Example 1 

2 0 Genomic-Complexitv Hybridization to Micro 

DNA Arrays Representing the Yeast 
Saccharomyces cerevisiae Genome with 
Two-Color Fluorescent Detection 

The array elements were randomly amplified PGR 

25 (Bohlander, et al., 1992) products using physically 

mapped lambda clones of 5. cerevisiae genomic DNA 

templates (Riles, et al . , 1993). The PGR was performed 

directly on the lambda phage lysates resulting in an 

eunplif ication of both the 3 5 kb lambda vector and the 

30 5-15 kb yeast insert sequences in the form of a uniform 

distribution of PGR product between 2 50-1500 base pairs 

in length. The PGR product was purified using 

Sephadex G50 gel filtration (Pharmacia, Piscataway, NJ) 

and concentrated by evaporation to dryness at room 

35 temperature overnight. Each of the 864 amplified 
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lambda clones was rehydrated in 15 ^1 of 3 x SSC in 
preparation for spotting onto the glass. 

The micro arrays were fabricated on microscope 
slides which were coated with a layer of poly-l-lysine 
5 (Sigma) . The automated apparatus described in Section 
IV loaded 1 /il of the concentrated lambda clone PGR 
product in 3 X ssc directly from 96 well storage plates 
into the open capillary printing element and deposited 
-5 nl of sample per slide at 380 micron spacing between 

10 spots, on each of 40 slides. The process was repeated 
for all 864 samples and 8 control spots • After the 
spotting operation was complete, the slides were 
rehydrated in a hiimid chamber for 2 hours, baked in a 
dry 80» vacuum oven for 2 hours, rinsed to remove un- 

15 absorbed DNA emd then treated with succinic anhydride 
to reduce non-specific adsorption of the labeled 
hybridization probe to the poly-l-lysine coated glass 
surface. Immediately prior to use, the immobilized DNA 
on the array was denatured in distilled water at 90 

20 for 2 minutes. 

For the pooled chromosome experiment, the 16 
chromosomes of Setccharomyces cerevisiae were separated 
in a CHEF agarose gel apparatus (Biorad, Richmond, CA) . 
The six largest chromosomes were isolated in one gel 

25 slice emd the smallest 10 chromosomes in a second gel 
slice. The DNA was recovered using a gel extraction 
kit (Qiagen, Chatsworth, CA) . The two chromosome pools 
were randomly amplified in a manner similar to that 
used for the target lambda clones. Following 

30 amplification, 5 micrograms of each of the amplified 

chromosome pools were separately random-primer labeled 
using Klenow polymerase (Amersham, Arlington Heights, 
IL) with a lissamine conjugated nucleotide analog 
(Dupont NEN, Boston, MA) for the pool containing the 

35 six largest chromosomes, and with a fluorescein 
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conjugated nucleotide analog (BMB) for the pool 
containing smallest ten chromosomes • The two pools 
were mixed and concentrated using an ultrafiltration 
device (Amicon, Danvers, MA), 
5 Five micrograms of the hybridization probe 

consisting of both chromosome pools in 7.5 /xl of TE was 
denatured in a boiling water bath and then snap cooled 
on ice. 2.5 /il of concentrated hybridization solution 
(5 X SSC etnd 0.1% SDS) was added and all 10 ^1 

10 transferred to the array surface, covered with a cover 
slip, placed in a custom-built single-slide humidity 
chamber and incubated at 60* for 12 hours. The slides 
were then rinsed at room temperature in 0.1 x ssc and 
0.1%SDS for 5 minutes, cover slipped and scanned. 

15 A custom built laser fluorescent scanner was used 

to detect the two-color hybridization signals from the 
1.8 X 1.8 cm array at 20 micron resolution. The 
scanned image was gridded and analyzed using custom 
image analysis software. After correcting for optical 

20 crosstalk between the fluorophores due to their 
overlapping emission spectra, the red and green 
hybridization values for each clone on the array were 
correlated to the known physical map position of the 
clone resulting in a computer-generated color karyotype 

25 of the yeast genome. 

Figure 6 shows the hybridization pattern of the 
two chromosome pools. A red signal indicates that the 
lambda clone on the array surface contains a cloned 
genomic DNA segment from one of the largest six yeast 

3 0 chromosomes. A green signal indicates that the lambda 
clone insert comes from one of the smallest ten yeast 
chromosomes. Orange signals indicate repetitive 
sequences which cross hybridized to both chromosome 
pools. Control spots on the array confirm that the 

3 5 hybridization is specific and reproducible. 
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The physical map locations of the genomic DNA 
fragments contained in each of the clones used as array 
elements have been previously determined by Olson and 
co-workers (Riles, et al.) allowing for the automatic 
generation of the color karyotype shown in Figure ?• 
The color of a chromosomal section on the karyotype 
corresponds to the color of the array element 
containing the clone from that section. The black 
regions of the karyotype represent false negative dark 
spots on the array (10%) or regions of the genome not 
covered by the Olson clone library (90%). Note that 
the largest six chromosomes are mainly red while the 
smallest ten chromosomes are mainly green matching the 
original CHEF gel isolation of the hybridization probe. 
Areas of the red chromosomes containing green spots and 
vice-versa are probably due to spurious sample tracking 
errors in the formation of the original librsury and in 
the amplification and spotting procedures. 

The yeast genome arrays have also been probed with 
individual clones or pools of clones that are 
fluorescently labeled for physical mapping purposes. 
The hybridization signals of these clones to the array 
were translated into a position on the physical map of 
yeast. 



Example 2 

Total cDNA Hybridized to Micro Arravs of 
cDNA Clones with Two-Color 
Fluorescent Detection 

^0 24 clones containing cDNA inserts from the plant 

Arabldopsis were amplified using PGR. Salt was added 
to the purified PGR products to a final concentration 
of 3 X SSC. The cDNA clones were spotted on poly-1- 
lysine coated microscope slides in a manner similar to 

35 Example 1. Among the cDNA clones was a clone 
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representing a transcription factor HAT 4, which had 
previously been used to create a transgenic line of the 
plant Arabidopsis, in which this gene is present at ten 
times the level found in wild-type Arabidopsis (Schena, 
5 et al. , 1992) . 

Total poly-A mRNA from wild type Arabidopsis was 
isolated using standard methods (Maniatis, et al*, 
1989) and reverse transcribed into total cDNA, using 
fluorescein nucleotide analog to label the cDNA product 

10 (green fluorescence) . A similar procedure was 

performed with the transgenic line of Arabidopsis where 
the transcription factor HAT4 was inserted into the 
genome using standard gene transfer protocols. cDNA 
copies of mRNA from the transgenic plant are labeled 

15 with a lissamine nucleotide analog (red fluorescence) . 
Two micrograms of the cDNA products from each type of 
plant were pooled together and hybridized to the cDNA 
clone array in a 10 microliter hybridization reaction 
in a manner similar to Example 1* Rinsing and 

20 detection of hybridization was also performed in a 

maimer similar to Example 1. Fig. 8 show the resulting 
hybridization pattern of the array. 

Genes equally expressed in wild type and the 
transgenic Arabidopsis appeared yellow due to equal 

25 contributions of the green and red fluorescence to the 
final signal. The dots are different intensities of 
yellow indicating various levels of gene expression. 
The cDNA clone representing the transcription factor 
HAT4, expressed in the transgenic line of Arabidopsis 

3 0 but not detectably expressed in wild type Arabidopsis^ 
appears as a red dot (with the arrow pointing to it) , 
indicating the preferential expression of the 
transcription factor in the red-labeled transgenic 
Arabidopsis and the relative lack of expression of the 
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transcription factor in the green-labeled wild type 
Arabidopsis . 

An advantage of the microarray hybridization 
format for gene expression studies is the high partial 
concentration of each cDNA species achievable in the 10 
microliter hybridization reaction. This high partial 
concentration allows for detection of rare transcripts 
without the need for PGR amplification of the 
hybridization probe which may bias the true genetic 
representation of each discrete cDNA species. 

Gene expression studies such as these can be used 
for genomics research to discover which genes are 
expressed in which cell types, disease states, 
development states or environmental conditions. Gene 
expression studies can also be used for diagnosis of 
disease by empirically correlating gene expression 
patterns to disease states. 



Example '3 

Multiplexed Col orimetric Hybridization on 
a Gridded Solid Support 

A sheet of plastic-backed nitrocellulose was 

gridded with baurrier elements made from silicone rubber 

according to the description in Section IV-A. The 

sheet was soaked in 10 x SSC and allowed to dry. As 

shown in Fig. 12, 192 M13 clones each with a different 

yeast inserts were arrayed 4 00 microns apart in four 

quadrants of the solid support using the automated 

device described in Section III. The bottom left 

quadrant served as a negative control for hybridization 

while each of the other three quadrants was hybridized 

simultaneously with a different oligonucleotide using 

the open-face hybridization technology described in 

Section IV-A. The first two and last four elements of 
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each array are positive controls for the colorimetric 
detection step. 

The oligonucleotides were labeled with fluorescein 
which was detected using an anti-f luorescein antibody 
5 conjugated to alkaline phosphatase that precipitated an 
NBT/BCIP dye on the solid support (Amersham) . Perfect 
matches between the labeled oligos and the M13 clones 
resulted in dark spots visible to the naked eye and 
detected using an optical scanner (HP ScanJet II) 

10 attached to a personal computer. The hybridization 
patterns are different in every quadrant indicating 
that each oligo found several unique M13 clones from 
among the 192 with a perfect sequence match. Note that 
the open capillary printing tip leaves detectable 

15 dimples on the nitrocellulose which can be used to 
automatically align and analyze the images. 



Although the invention has been described with 
respect to specific embodiments and methods, it will be 
20 clear that various changes and modification may be made 
without departing from the invention. 
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IT IS CLAIMED: 

1. A method of forming a microarray of analyte- 
assay regions on a solid support, where each region in 
5 the array has a known amount of a selected, analyte- 
specific reagent, said method comprising, • 

(a) loading a solution of a selected analyte- 
specific reagent in a reagent-dispensing device having 
an elongate capillary channel (i) formed by spaced- 

10 apart, coextensive elongate members, (ii) adapted to 
hold a quantity of the reagent salution and (iii) 
having a tip region at which aqueous solution in the 
channel forms a meniscus, 

(b) tapping the tip of the dispensing device 

15 against a solid support at a defined position on the 
surface, with an impulse effective to break the 
meniscus in the capillary channel and deposit a 
selected volume of solution on the surface, and 

(c) repeating steps (a) and (b) until said array 
20 is formed. 

2. The method of claim 1, wherein said tapping is 
carried out with an impulse effective to deposit a 
selected volume in the volime range between 0.01 to 100 

25 nl. 

3. The method of claim 1, wherein said channel is 
formed by a pair of spaced-apart tapered elements. 

4. The method of claim 1, for forming a plurality 
of such arrays, wherein step (b) is applied to a 
selected position on each of a plurality of solid 
supports at each repeat cycle proceeding step (c) . 
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5. The method of claim 1, which further includes, 
after performing steps (a) and (b) at least one time, 
reloading the reagent-dispensing device with a new 
reagent solution by the steps of (i) dipping the 
5 capillary channel of the device in a wash solution, 
(ii) removing wash solution drawn into the capillary 
channel, and (iii) dipping the capillary channel into 
the new reagent solution. 

10 6. Automated apparatus for forming a microarray 

of analyte-assay regions on a plurality of solid 
supports, where each region in the array has a known 
amoxint of a selected, analyte-specif ic reagent, said 
apparatus comprising 

15 (a) a holder for holding, at known positions, a 

plurality of planar supports, 

(b) a reagent dispensing device having an open 
capillary chaLnnel (i) formed by spaced-apart , 
coextiensive elongate members (ii) adapted to hold a 

20 quantity of the reagent solution and (iii) having a tip 
region at which aqueous solution in the channel forms a 
meniscus , 

(c) positioning means for positioning the 
dispensing device at a selected array position with 

25 respect to a support in said holder, 

(d) dispensing means for moving the device into 
tapping engagement against a support with a selected 
impulse, when the device is positioned at a defined 
zurray position with respect to that support, with an 

3 0 impulse effective to break the meniscus of liquid in 

the capillary channel and deposit a selected volume of 
solution on the surface, and 

(e) control means for controlling said positioning 
and dispensing means. 



35 
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7. The apparatus of claim 6, wherein said 
dispensing means is effective to move said dispensing 
device against a support with an impulse effective to 
deposit a selected volume in the volume range between 

5 0.01 to 100 nl. 

8. The apparatus of claim 6, wherein said channel 
is formed by a pair of spaced-apart tapered elements. 

0 9. The apparatus of claim 6, wherein the control 

means operates to (i) place the dispensing device at a 
loading station, (ii) move the capillary channel in the 
device into a selected reagent at the loading station, 
to load the dispensing device with the reagent, and 

5 (iii) dispense the reagent at a defined cirray position 
on each of the supports on said holder. 



10. The apparatus of claim 6, wherein the control 
device further operates, at the end of a dispensing 

20 cycle, to wash the dispensing device by (i) placing the 
dispensing device at a washing station, (ii) moving the 
capillary channel in the device into a wash fluid, to 
load the dispensing device with the fluid, and (iii) 
remove the wash fluid prior to loading the dispensing 

25 device with a fresh selected reagent. 

11. The apparatus of claim 6, wherein said device 
is one of a plurality of such devices which are carried 
on the arm for dispensing different analyte assay 

30 reagents at selected spaced array positions. 

12. A substrate with a surface having a 
microarray of at least lO' distinct polynucleotide or 
polypeptide biopolymers per 1 cm^ surface area, each 
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distinct biopolymer sample (i) being disposed at a 
separate, defined position in said array, (ii) having a 
length of at least 50 subunits, and (iii) being present 
in a defined amount between about 0.1 femtomole and 100 
5 nanomoles. 

13. The substrate of claim 12, wherein said 
surface is glass slide coated with polylysine, and said 
biopolymers are polynucleotides. 

0 

14. The substrate of claim 12, wherein said 
substrate has a water- impermeable backing, a water- 
permeable film formed on the backing, and a grid formed 
on the film, where said grid (i) is composed of 

5 intersecting water- impervious grid elements extending 
from said backing to positions raised above the surface 
of said film, and (ii) partitions the film into a 
plxirality of water-impervious cells, where each cell 
contains such a biopolymer array. 

D 

15. A substrate with a surface array of sample- 
receiving cells, comprising 

a water- impermeable backing, 

a water-permeable film formed on the backing, and 
5 a grid formed on the film, said grid being composed of 
intersecting water- impervious grid elements extending 
from said backing to positions raised above the surface 
of said film. 

) 16. The substrate of claim 15, wherein the cells 

of the array each contain an array of biopolymers. 



35 



17. A substrate for use in detecting binding of 
labeled biopolymers to one or more of a plurality 
distinct polynucleotides, comprising 
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a non-porous, glass substrate, 

a coating of a cationic polymer on said substrate, 

and 

an array of distinct polynucleotides to said 
coating, where each biopolymer is disposed at a 
separate, defined position in a surface array of 
biopolymers. 



18. A method of detecting differential expression 

10 of each of a plurality of genes in a first cell type 
with respect to expression of the same genes in a 
second cell types, said method comprising 

producing fluorescence- labeled cDNA's from mRNA's 
isolated from the two cells types, where the cDNA's 

15 from the first and second cells are labeled with first 
and second different fluorescent reporters, 

adding a mixture of the labeled cDNA's from the 
two cell types to an array of polynucleotides 
representing a plurality of known genes derived from 

20 the two cell types, under conditions that result in 

hybridization of the cDNA's to complementary-sequence 
polynucleotides in the aarray; and 

examining the array by fluorescence under 
fluorescence excitation conditions in which (i) 

25 polynucleotides in the array that are hybridized 

predominantly to cDNA's derived from one of the first 
and second cell types give a distinct first or second 
fluorescence emission color, respectively, and (ii) 
polynucleotides in the array that are hybridized to 

30 substantially ecpial numbers of cDNA's derived from the 
first and second cell types give a distinct combined 
fluorescence emission color, respectively, 

wherein the relative expression of known genes in 
the two cell types can be determined by the observed 

35 fluorescence emission color of each spot. 
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19. The method of claim 18, wherein the array of 
polynucleotides is formed on a substrate with a surface 
having an array of at least 10^ distinct polynucleotide 
or polypeptide biopolymers in a surface area of less 
than about 1 cm^ each distinct biopolymer (i) being 
disposed at a separate, defined position in said array, 
(ii) having a length of at least 50 subunits, and (iii) 
being present in a defined amount between about .1 
femtomole and 100 nmoles. 

20. The method of claim 19, wherein said surface 
is a glass slide coated with poly lysine, and said 
biopolymers are polynucleotides non-covalently bound to 
said poly lysine. 



15 
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Use of a cDNA microarray to 
analyse gene expression 
patterns in human cancer 

loseph DcRisi'\ Loliia Pcnland- & 
Patrick O. Brown* (Group I ); 
Michael L. Bittner^". Paul S. Mcli2cr\ 
Michael Ray\ Vidong Chen\ Van A. Su^ & 
Jeffrey M. Trent^ (Group 2) 



The development and progression of cancer^"^ and 
the experimental reversal of tumorigenicity*-^ are 
accompanied by complex changes in patterns of 
gene expression. Microarrays of cDNA provide a 
powerful tool for studying these complex phenom- 
ena^®. The tumorigenic properties of a human 
melanoma ceil line, UACC-903. can be suppressed 
by introduction of a normal human chromosome 6. 
resulting in a reduction of groNArth rate, restoration 
of contact inhibition, and suppression of both soft 
agar clonogenicity and tumorigenicity In nude 
mice^^^. We used a high density microarray of 
1.161 DNA elements to search for differences in 
gene expression associated with tumour suppres- 
sion in this system. Fluorescent probes for 
hybridization were denved from two sources of cel- 
lular mRNA [UACC-903 and UACC-903(+6)] which 
were labelled with different fluors to provide a direct 
and internally controlled comparison of the mRNA 
levels corresponding to each arrayed gene. The flu- 
orescence signals representing hybridization to 
each arrayed gene were analysed to determine the 
relative abundance in the two samples of mRNAs 
corresponding to each gene. Previously unrecog- 
nized alterations in the expression of specific genes 
provide leads for further investigation of the genet- 
ic basis of the tumongenic phenotype of these cells. 

DNA niicrdiirrays. containinji \,\(^] t«it,il clcnieni.s, 
iiiLiiiciini; S7() diltcrcnt cDNAn .iiul controls'^"" (icc 
Mcthi>ds), were printed rohoiic.tllv onto .i i:1j>n micro- 
scope slide in fi>ur qu.ulranis covcrint: nn .irc.i of nht)iit 
I cm- (Fi^i. I ). Wc prepared nuoresceni cDNA probes 
usini; lolal poly (A)* mKNA from UACC-y()3 cells nmi 
UACC-903(+6) cell.^ by labelling with a ^reen and red 
fluor. respectively. A mixture o( the two flourescently 
labelled probes was hybridi/.ed to the DNA microarray. 
This comparative hybridisation method, coupled with 
the doping of synthetic standards and an estimation of 
statistically significant deviation for local backuround 
variance allowed a dircxt and quantitative ctimparison 
of the relative abundance of individual DNA sequences 
in this complex sample'****. We added a sei of synthetic 
poly (A)*-tailed 'mRNAs* lo the puriTied mUNA from 
each cell line as internal standards to assist in quantita- 
tion and estimation of experimental variation intro- 
duced durini; labelling and reading. Targets 
complementary lo these standards were included, in 
duplicate, on the microarra\. h.i\ed on these standards. 
mKNA species comprising of the mass of the 

pol\ (A)* UNA could readily be detected. 

In a representative two-colour lluorescent scan of all 



spend to genes prel'erentiailv expressed in the tumor.- 
genie UACC-903 cell line, and the reddish spots corre- 
spond to genes preferentially expressed in thf 
non-iumorigenic UACC-90?(-6) cell line. Genes 
expressed at approximaielv equal levels in the two cell 
lines appear yellow or brown. A portion of the arrav at 
higher maenification hiehliehis the diverse pattern of 
differential expression observed (Fig. 2b]. In Fig. 2c. rec- 
tangles corresponding to specific arrav elements are 
coloured to reproduce the hue and iniensitv of the fluo- 
rescent signal at each element. The hvbridization signals 
trom a duplicated set of genes arc shown luxtaposed, lo 
illustrate the reproducibililv of the hvbndization signals 
for each gene. 

To address the possibility that an apparent difference 
in expression might result from experimental variables 
unrelated to the difference in chromosomal composi- 
tion between the two cell lines, we examined the vari- 
ance in expression for 90 'housekeeping' genes. We 
selected these gene.s ha.\ed on the assumption that they 
would not be differentiallv expressed between the two 
cell lines. The averaged red/green ratio for this subset of 
genes was 1.13. The averaged red/green ratio for the set 
of five internal standards was 0.97 {ti = 10). The vari- 
ability in the expression level of the housekeeping genes 
probablv overestimates the experimental variability in 
measuring differential expression. As a conser\-i\iive stan- 
dard, an absolute fluorescent signal I red or green) with 
»in iniensit\' greater than that observed at the control 
iirrav elements contatnmg loul human genomic DNA 
wa.s con.sidered to represent specific hvbndization. Gene- 
>pectlic hvbridizaiion wa.s liierelnre only considered sig- 
nificantly different between .vimplo if the following two 
cnterij were met: i) the signal intensity (grtvn or red) 
exceeded this ihreshold: and ii) the U>garithm of the 
red/green tluorescence signal ratio differed by >3 S.D. 
tri>m the mean logarithm of this r.itio for the *house- 
keeping' gene panel (that ration <0.52 or >2.4). 

Hv these criteria. mRNA levels tor I5/S7U (1.7%) genes 
were signific.intlv dinimished. while the mRNA levels 
tor 6.'^/S70 (7.."^';..) genes were significanth' increased in 
association with su[>pressi()n of tumorigenicity by intro- 
duction ot chromosome 6. To test the reliability of 
nucro.irr.u' h\ hridi/ati(in results \n identifying differen- 
luiliv exfnesscd genes, we analysed 16 genes by norlh- 
ern aii.ilvsis. In each case, the results of northern analysis 
corroborated the diftereniial gene expression identified 
b\' microarray hvbridi7aiion (Fig. 3j. 

Signilicant differences m expression between these 
two cell lines identified several genes as candidates for 
determining features ol the tumongenic phenotype of 
the melanoma cells. For ex.imple. among the genes 
delected with sigmticantlv hiuher expression (> 10-fold) 
in the tLimongenic ceils was the human brown locus pro- 
tein (TRIM /melanonui antigen gp73). This is the most 
abundant glycoprotein in mclanocvtic cells and a critical 
melanosome membrane protein' - ' \ Additionally, its 
expression is reduced when melanoma cell lines arc 
induced to differentiate by treatment with HMDA*^'*^. 
Also expressed at a significantly higher level was a spliced 
x .irMMt of the n>R\'^ encoding m\vl;n PI IV!)M20. This 
IS widely expressed in neural crest derived cells in early 
development and has been suggested lo play a role in 
celt-<.'ell signaling during development'"'. 
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Rfl. 1 Properties ot cDNA rmcroarrays. a. A Ituorescent scan of DMA pmted onto a poty-»ystne coated sUcJe. The DMA is siameo witn a DNA-specHic tiuorescent 
dye. YOYO. The cenier-to-ccnter spacing o( adjacent spots is 450 m- allowing the potential lor up to 10.000 spots/2.54 X 7.62 cm microscope slide, b. Efft- 
cierit blocking of hybridization to DNA repeats. Hybridization of fluorescein- labelled poly (dT)* to arrays m ihe absence of competitor produces strong 
hybridization to immobilized poly (dA)* as well as to some cDNAs. such as the EST T64827 shown. Rhodamine- labelled cDNA (red) from the UACC-903 cell 
line hybndized m the presence ot poty (dA)* blocker shows Wile if any signal at either site (Total H = total human). Similarty. hybridization with (luorescein-labelled 
Coti DNA in the absence of competitor produces bright signal on immobilized Coti DNA. total human DNA and at some cDNA elements (presumed to con- 
tain highly repeated sequences, such as R23416): while RhoOamine-labeited cDNA (red) from the UACC-903 ceil line produces iittie it any signal at these 
locations when hybridized in the presence of excess untabelled poly (dA)* . and human Cotl DNA. The absence of signal at some cDNA locations following 
UACC-903 cDNA hybridizations also indicates that the PCR-amplilied. plasmid vector sequences at alt cDNA targets oo not contribute significant hybridiza- 
tion signal, c. Schematic ot the array organisation. Robotic printing from 96 well microliter trays was cameo out with 4 print heads, spaced to ttt into 4 adfa- 
cent microtiler wells. This maps the contents of each tray into four separate quaorants on the glass sude A coiour-coded map of the general distribution of 
target types m each of the resulting quadrants is shown. 



ds were ck'vjicd by the addilion ot nornul chroiTH>- 
souK 6(17 iiciics) .trc known lo be .ictivaled by IFN-y. a 
Citaiiniil pRtintlanim.itory cytokine tbjl, anu>ni; other 
.leiiviiics, induces cxprcs.sion of the gene producis ot thr 
MHC class II iocus. For cxaniple. ihe mUNA cncodini; 
monocyte chctnotaclic protein 1 (\iCAF/MCPl ). a 
cytokine that ntduces n)onocyle chcnioia.xis and activa- 
tion w,is more than 10- fold less abundant in tiic 
lumoriueniv: LeII line, hi the skin, MPCl ib critical m the 
reiiulaiion of cutaneous nionocvte irathckmi:"^' , and 
elevated expression plays a role m suppression ot tumour 
i;rowth and metastasis The mechanism by which 
these interleroii-yreuulated genes are induced in UACC- 
903 cells by transfer of a normal chromosotne 6 remains 
to be determined. It is worth noting, however, that the 
inlerferon-7 receptor gene is localized to the distal long 
arm of human chromosome 6. 

Finally, several genes that showed > 10-lold higher 
expression in the suppressed UACC-903(+6) cells have 
previously been recognized in other models of tumour 
suppression. Most notably, there was elevated e.xpres- 
sion of the mRNA encoding WAFl (p2l ), a kev media- 
tor of tumour suppression by p53 (ref. 18). The p21 
protein had previously been identified as a melanoma 
differentiation-associated antigen (termed mda-bl'''--^. 
In melanoma ceil lines suppressed for metastasis by the 
introduction of chromosome 6, e.xpression of WAFl 
( p2 1 1 mRNA and protein correlates inversely with 
metastatic potential-*'. 



These results pr{>vide a wide view of the diverse sys- 
tems that are altered in this model system of tumori- 
geniciiw and locus attention on specific gene products 
and pathways that may be of particular importance in 
this tumour tvpc. 

Our ability to classify human cancers in a way that 
reflects the underlying moiecular p.iihology or that 
anticipates their potential for progression or response 
to treatment, remains primitive. Using cDNA microar- 
r.u'S to define .literal ions in gene expression associated 
with a specific cancer mav be an efficient way to uncov- 
er clues to the specific molecular derangements that con- 
tribute to Its pathogenesis and thus identify' potential 
targets for therapeutic intervention. Moreover, recogni- 
tion of pathognomonic alterations m gene expression 
might provide a basis for improved diagnosis and mol- 
ecular classification of cancers and thus allow selection of 
the most appropriate therapeutic strategies. 

Public databases of human expressed gene sequences 
contain partial sequences of at least 40.000 different 
human genes", and efforts to develop a human tran- 
script map have developed rapidly-'. Rased on the high 
yield of information obtained using an array of < 1,000 
different genes, a more comprehensive survey of gene 
expression patterns, using a more complete array of 
human genes, will likely provide a rich source of new 
and useful insights into human biology and a deeper 
understanding of the gene pathways involved in the 
pathogenesis of cancer and other diseases. 



letters 




H :> 0 0 0 0 0 

O 0 0 o 

J O 0 0 o 

O O O D O 0 o 

0 0 0 0 J 0 

o O O O 0 

o o o o o 

0 ■ O J o 




B ri 



□ 



Fig. 2 DNA microanray ar\afySiS ot cnanges .n gene expression between tr>e tumongen.c celt l.ne. UACC.903. and its non-tumongemc denvat.ve UACC903(*ft 
oenved by -ntroduction ot a normal chromosome 6. «. A ratio .mage of the results of simultaneous hybridization of RhooammeUO-labeHed cDNA (oreenl 
from UACC-903 and Cy3-iabei^ cDNA (orange-redr f rem UACC-903i*6) to a m.croarray To oroduce this .mage, the scan ,mages corresoono.nQ to eaSrS*. 
orescent prone were comb.nea as the appropriate colour channels m a s-ngte .mage Arrows -no.cate the location witn.n me array of tne corresDondmo 
genes analysed by nonnem piott-na (F,g 3}. b A magnified .mage of the area ot the array boxed m white .n (ai c Maon.f.ed .maoe ol three cDNAs^ncJent.. 
^ed by arrows in (a), represent.ng the cDNAs for left, MCAF/MCP- 1 (r/g ratio >10) centre, li^act.n ,r/g rat.o 1 04) and nght n-UsnLcnymotryps^n (r/g ratio 
C 2t isee F>c 3j d s.mpi.tied representation of ratio hybridization results Ouantitai.ve fluorescence intensity data is extracted from each array taroet The aver- 
age target colour ratio determines the hue of each box and the average intensity determines the bngntness of eacn box. in this image the order of' the boxes 
corresDoncs TO tne-r ong.nai order .n the microliter plate from which they were pnntec. Duplicate printings ot the same piaie can be examined stde bv side 
as .n the first two rows shown here, to assess reproducibility of the hybndizaiion results (see text) Numbered arrows .nd.caie the location w.lhm the arrav cof." 
responoing to genes analysed by northern blotting in Fig 3, ' 



Methods 

Gcnfr.Uion of nncroarravs. hvi)ridi7.ititin. .scjiinin^ I Ik 
jUL'p.ir.ilHiii 1)1 LD.itcJ mkni\».(t|H si kI^.^ .iiul \ttliM.'i)iu'iu mi>.ii 
u i^nntin- <il I )\A ^.irni. J mil in a in.iniu i miiiiI.it i.i duil 
ilfxt.TiiK*ti Kr.^-llw pri - JciiU'il ^l.iw sluk-v wcr^' ir.-.tifil wiili 
nHi [ SiLttn.) I lo Idriii till .ul hi.''«t\\' miiI.kl' li.r 
pniiitiiL priulutlN. purilKii l>\ l-iIkimoI piinlu .iI ion . u\-k 

rfMiNpctukii m 3\ SSC A cunIomi hiiili .irr.uinu mtut; puLtJ 

Lip .imi lUpOMUJ Mll.lll VolllllK-N ( -.^ n.innllUTM ul I )\A nilln 

ihf siiilo. Atlv.-r priniinj;. tlu' nLiIcn ultc w.uIu J in .i O.J"., si )s 
Miiuiion 'llu' rcni.iinin^ 1>oiniJ MNA wjs ikiMiuuJ In Mii^- 
nuT^tn«^ (lu- nIkIl's in 9? '•('. liisiillL-tl wwwt tin 2 nun lnIinucJ in 
.) hrii.-l u.ish \s ilh y v... L'tiKn).i|, DNA w.i^ L'V uoNslmkcd in ilu 
sluk-^ ' Mr.ii.icfiu' Mr.il.ilinktT, N) nil ; In prcwiil non-^p,otK 
prnlH- hiiulini:. iIk- sluk-v were l>liKii-if In i immh'.; m j sniiinon 
nl 7(1 inM MkUMk' .mlu lirivlf ii)vM>lvi.\i m (I. I M \Mn\< ,k ul pH 
K f), tont.iininu T^'S, I Miu'thvlO-pvrri.Iuiinoiu lAklnJi! 
Atliliritm.il pnu.KuU .iiu! p.irtN list |\ri.nnini: m .num.irr.n 
t.iliric.ition cm Iv nliLnncJ trnin hlip://uu^.ii.\l.inroril.t\lu/ 
pimuMv 

Hiiritii\i. i.iivilal J)NA w.u rfMi>|>L-tKiai in II pi ol y.^x S.SC. 
Linii.iiinnu -I ^i- ol p,)i\ utA)* DNA. pj; L ivii tRNA, 4 ^ii; ol 
luiin.in tni I I )\A ( I .iIm' UKI ). .nul I). ^ pi ol Mr., M)s Mrinrln 
In hr uii/.iii.m tlu noUhmhi wjs i>oikJ li»i 2 nun [1k-ii .illi>n^\l In 
I" itMiiii Uinpi.r.iuirc IK In iji/.n uui v\.in w.irrkil diil .il 
t-2 *C lor h in .i w.itft lutli I'noi lo v.ininni:. slulvs wcu' 
v-.isiu J m > v^i M 2' . s| >s l.>: ^ nnii .nul M > SS( ' |nr 1 inif. 

t"wi' i.i^t" I'll, >>, opt iMuli In s Sinilh. will; sotlw.m.- \miIU-ii 



in \ /a\ \ s^p.ii.u^ N^.in. iiNHi;^ liic .ipprnjni.iU- c\cit.llii>i; line, 
ujv il.MK loi t.uii t>I iIk |\w. llnoropltnrtN iiscil. Djl.i \vj$ col- 
iv^Uil .11 .1 in.i\nnum u noIuIioji ol V nn, roiiN/pixcl with 12 hits 

ol ik'fMll 

IVoIh' prfp.imiinn .ind l.ilH-Iling UNA fvti.kiaf from cells 
uMit;: ilu' lii.i/ol r(.Mi:Ln! I III Iik 1. follnwini: ilu' in.iiuitjctur- 
L i s JnL\iinn^ ». I )N A p. oU^v wltl' s\ ihIuai/cJ Itomi \rnj;ly olipo 
Jl-NL-kcuJ ilMi.iiin.KMi inKNA potils. hlnorcNCCtUly Ulxllcd 
J )NA w.is prtp.ircil Ironi niUNA l>\ nliv;o il l -prinu'd |H>lvmer- 
i/.ition uMir: >iipi. rSvt ipt II k-mtsc li .iiin*. npt ( I JI Inc.). 
Ilk i^ooi ol lukk'oiuliv in tlu' l.il>flltn^ FL-.u-tion wjn O.S niM 
ik;Ti', dA"ll' jiul iU:ir .mj D.: mM JTTI'. Flitoresccni 
lUkkotKlLs, RhoikiniiiK' III' fIVikin riim-r Ctrtui) or 

c:\ ^ JL IT ( Anu rsli.ini prcsLMii .n 0 1 niM ProlKs were 
punhal Iv, i:cl diionKiii.;j(jpln fhioSpm 6/UioKjtl) and 
olli.inol pn.\ ipii.itinn 

Select lon of cDNA elements ond pencration of cnntrol lem- 

pljics. .svniluik cDNAs \ur. prfp.ircLl In citiniin: rjndom 
hiiitthl h/ncllll L-nJui tr.tenu*m>nt E ioli[)UA in the vcc- 
lor pSPh4 poK (A)* ( l'ri>nH-v;j). Imtr.in/.ng inoIjIcJ pljsmid 
DNA uiili h.i,A{\ Jiul s\nlhcM/m- p.ii\ (A)' i.nk'il UNA com- 
pit nu iu.ir\ lo liu niN^iI tioin ilu' KMik-nl Sl'(> promoter 
(rioMk'^.il I'noi I o use. tlu vwitluM/i'tl KNAs wiTc .\t*liVltfd on 
olijio J I tcllulosL Tlu- l.n^^si '^loup l )NAn ».iinMslc*vl of 674 
J»\-i Joiu ^ lioni fiu I Ml. .iri.i\i-(l norin,ili/otf n»|jni brain 

' ■•■ "'^n .n. , , I , 

lihr.r ', MH'niUti ih.il oi i fNp, Mut*.' J to .i n.inu'J ^rnv' JCCording 
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Fig. 3 Nonnern nyDnOizaton suostantiai* 
(ng the consistency o< the cDNA microar- 
ray resutts. Corresponding kxations witr^n 
the cDNA microarray illustrated in Fig. 2j 
are provioed lor 1 ) Waf- Vp21 ; 2) MARCKS. 
3) coWa^nase: 4) MCAF/MCP-I; n-l- 
antichymotrypsin: and 6) ^ -acun. The sig- 
nal delected by a radio- tat>eiied ^acffn 
pro&e represents a control for loading van- 
ance. wrth a red/green ratio observed on 
the cDNA microan-ay {ftg. 2a.c) tor p-actm 
ol 1.04. 




Collagenase 



MCAF/MCP-1 




10 the L'niCt'nc EST cluMcrmi: sy$- 
icm-'~v The NcciHid l.irjicsi iiroiip of 

cionrs j:ciK'r.iu*d hv siihtr.iction of c ON A 
t roni I he chronutN(inu'*6 ^up|lrc^^Cl] 
m)n-iiimorii:cni»: UACC-V03 l+ft) cell 
line wiih lI )NA from its paroninl tuinori- 
iienie all liiu- UACX:-y()3 (nl. 9). 
Approxini.ilL'iy 1(H) iuiiltlionji j;cncs 
(lot.il H7{» j:tius .irr.iviil) wvrc ol^tiiineil 
Iroin KS I lihr.ine> on the \\isis ot their 
n-1 -Antichymotrypsm expreNMon p.uiern ( itsMie speiilk\ .nui m> 
t»n). l-uh .irr.iy tiuliuleJ the lnllnwnm 
hyhruU/.iiMtn litnirolv: plasntiJ vector, 
LinikLi. OX 174 ph.iue, ioi.il hiim.in DNA, 
hnni.in C!oil DNA, .tiul i^oly (A)'. The 
svnihelic >l.»iui.»rii\ nwil lor ntimi.iiiAi- 
lion of \ii;n.ils in e.uh w.ivelenj:ih were 
.iImi .irr.iveii. ("ontrols were ineliuieJ in 
e.K'h ijii.ittr.ini ol the -irr.iy lo .kscnv the re)iroiliicihihly ol the 
hvhruii/.iiioii viun.ii. Two p|j(i»N ol ePNA iloiu's (ilenwil Iroin 
the UAl!< -^(13 Mihtr.Ktt*tl iihr.ir\ ) were .iImi .irr.iyeti in tlupli- 
Ciile. I ttielitv ot the Uniccne .irr.iv rfl.iti\e lo ilhl'ST w.in tesleil 
l>y M.\|ueiKmi; ot .i r.iiulom vinij^le ol 1 1 cloneN uscil li»r 
miero.irr.t\ (.on^^triiclion. All seiiiienio were iileniicil wiih llie 
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corrcxi^'iulioi: ithl.sl eniiio. Aililuioo.illv. e^un nium.m.nw' 
cDNA Ironi the I ALC^-VO^ ^ulMr.uleil iiln.ir\ u.iv vn|in nv. J \ 
hstinj; ol cDNAs eonipriNinii ihi^ ninnurr.n wiiuh wvu 
ileriveil Iroin the Uni^ene jnd limix'keepini; p.iiui s..ni ih 
ohiainei! from hlip://\\'\\'\v.nih,t:ov/|)IU/LCr./AIiK A") e\pn - 
html. 

Northern blot analvjis. To(.it KNA, 10 p^I Ij'H". *\.i*' cli\- 
trophoreset) in U'S. jj:nrnu'-tormaldehviie i:cK jiuI irjnslerreJ 
onio n\ion memhr.me iHvixuui-N". .AmerNhom) hv c.tpill.trv 
hloitinv: overmi:hi. For DNA pntlKS inveri frscmenis tiom ihc 
Scares INIU cDNA librjr\ were ohtjmed h\ vtcior I'CR Un 
p21, MAUC;KS, a- I-amichyni(tirypMn aiij p-jeiin. Hiohe> lt»r 
fibrobljsi Loll.iuen.ise .ind M(\-\h/MLP- 1 were isol.neJ trom .» 
UACC-yo.^i+M enriebetl cDNA iibr.ir\^ .ill pr»>bev 

Libi'lled In r.tndom primini;. I-iIutn were \\j\hed lo ,\ viiin- 
i:ency ol O.lx SSC ji -12 lor 20 mm 

Web sites. bttp://emi:m.sl.mrord.eitii/(>bri)wii for prtiiovi>ls .md 
pjri.v Usi peri.nning to mier4>.irr.u t.»l>rK.itit>n. 
http://www.iuhj:r.nih.i;i»\7DIK/l.(Xi/AKRAV/e\pn.html lor j 
lisiini: ol iI)NA> LompriMn^ ihi> miero.irrjv whieh weie 
derived Irom the L'nij;ene .mil 'hoti\ekeepmi; p.inei. 
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A DNA Microarray System for Analyzing 
Complex DNA Samples Using Two-color 
Fluorescent Probe Hybridization 

Dari Shalon/'^ Stephen J. Smlth,^ and Patrick O. Brown^'^'^ 

'Howard Hughes Medical Institute and Departments of ^Biochemistry and ^Molecular and Cellular 
Physiology, Stanford University, Stanford, California 94305 



Deteaing and determining the relative abundance of diverse individual sequences in complex DNA samples is 
a recurring experimental challenge in analyzing genomes. We describe a general experimental approach to 
this problem, using microscopic arrays of DNA fragmenc on glass substrates for differential hybridization 
analysis of fluorescently labeled DNA samples. To test the system, 864 physically mapped X clones of yeast 
genomic DNA, together representing >7S% of the yeast genome, were arranged into IA<m x l.&<m arrays, 
each containing a total of 1744 elements. The microarrays were charaaerized by simultaneous hybridizarion 
of two different sea of isolated yeast chromosomes labeled with two different fluofophores. A laser 
fluorescent scanner was used to detea the hybridization signals from the two fluorophores. The results 
demonstrate the utility of DNA microarrays in the analysis of complex DNA samples. This system should 
find numerous applications in genome-wide genetic mapping, physical mapping, and gene expression studies. 



Many problems in genome analysis depend on 
determining what specific sequences are repre- 
sented in a complex DNA or RNA sample and at 
what abundance, for example, what genes are 
represented in a Sf)ecific chromosome band or 
^'AC clone, what inter\-als are amplified or de- 
leted in a particular cancer cell or what genes are 
expressed in sp)ecific cells under specific condi- 
tions. As a general approach to this problem, we 
have developed a system for making microarrays 
of DNA samples on glass substrates, probing 
them by hybridization with complex fluorescent- 
labeled probes, and using a laser-scannmg micro- 
scope to detea the fluorescent signals represent- 
ing hybridization. Fluorescent labeling allows for 
simultaneous hybridization and separate detec- 
tion of the hybridization signal from two or more 
probes. TTiis in turn allows ver>' accurate and re- 
liable measurement of the relative abundance of 
specific sequences in two complex samples. 

RESULTS 

Array Hybridization Panern 

Figure 1 shows the rwo-color fluorescent scan of 
a yeast genomic array following hybridization 

^n%*nX •ddr»ii: Syntenl, Inc., Pmlo Aho, C»llfoml« MSOS. 
^Corrttpondlng autbor. 

E MAIL pbrown#cm9m.st*nf ord.cdu. httpV/cmym. 
itanfotd.cdu/pbrown; FAX (415) 72S-1199. 



with a mixed probe consisting of lissamine- 
labeled DNA from the 6 largest yeast chromo- 
somes together Kith fluorescein-labeled DNA 
from the 10 smallest yeast chromosomes. A red 
color indicates that yeast sequences present in 
the lissamine-labeled hybridization probe hy- 
bridized to an array element. A yellow-green 
color indicates that yeast sequences present in 
the fluorescein-labeled hybridization probe hy- 
bridized to an array element. An orange color in- 
dicates cross-hybridization of both chromosome 
pools to an array element (e.g., dispersed repeti- 
tive elements, such as Tyl elements). 

Each clone was spotted twice, resulting in du- 
plicate hybridization panerns in adjacent quad- 
rants of the array. Control DNA spots, which 
were randomly amplified in the same manner as 
the X clone array elements, are located in the bot- 
tom corner of each quadrant. "A" points to a pair 
of spots containing total yeast genomic DNA. 
These spots appear orange because both chromo- 
some pools hybndized to yeast genomic DNA. 
The negative controls are as follows: "B" points 
to a pair of spots of wild-n*pe X DNA, "C" points 
to a pair of human genomic DNA SF>ots, and "D" 
points to a pair of 6X174 DNA spots. The lack of 
a hybridization signal at these three negative 
control spots indicates that the hybridization was 
specific for yeast sequences. 
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Figure 1 Two<olor fluorescent scan of a 1 .8-cm x 1 .g.cm yeast an-ay 
of X clones of yeast genomic DNA. The DNA soots are spaced "at a 
distance of 380 from center to center. A probe* mixture consisting of 
DNA from the 6 largest yeast chromosomes (4, 7, 1 2, 1 3, 1 5, 1 6) tat>eled 
with lissamine (red dots) and DNA from the 10 smallest yeast chromo- 
somes (1, 2, 3, 5, 6, 8, 9, 10, n, 14) labeled with fluorescein eve!loN^- 
green dots) was hybridized to the array. A pair of yeasi genomic DNA 
spots (A) served as a positfve control. The three neaative controis are x 
DNA (ff), human genomic DNA (Q, and 6X174 DNA (D). 



Karyorype Depiaion of the Array Hybridization 
Panern 

The inserts contained in the arrayed X clones 
have been mapped physically (Riles et al. 1993). 
The clones are arrayed in a random but known 
order on the array. Therefore, using the identm* 
of each clone along with its physical map infor- 
mation, the partem of hybridization to the yeast 
array can be represented in tr - form of a karyo- 
type of the yeast genome, as snown in Figure 2. 
The color of any segment of the ideogram repre- 
senting an ind:vidual chromosome on the karyo- 
type is direaJy determined by the ratio of red and 
green hybridization signals at the array positions 
of the corresponding clones. The lengths of the 
discrete colored segments of each chromosome 
correspond to the physical lengths of the yeast 



inserts. The chromosome sec- 
ments colored black represent ei- 
ther intervals of the genome that 
are not represented by clones in 
the library (90%i or faise-negative 
hvbndization signals on the arrav 
(10%L Most of these taise nega- 
tives are atrnbutable to failures of 
the PCR amplification of the x 
clones, though occasional failures 
of the arraying process or nonuni- 
form surface preparation could ac- 
count for a small fraaion of the 
false-negative signals. The large 
gap on chromosome 12 is the re- 
gion coding for ribosomal DNA 
that was not represented among 
the arrayed clones. Genomic inter- 
vals represented by overlapping 
clones were assigned a color based 
on the hybridization signals of 
only ne of the overlapping 
clones chosen at random. 

Note that in this representa- 
tion of a yeast karyotype, the larg- 
est SIX chromosomes are mainly 
colored red. This indicates that 
most of the arrayed clones that 
were mapped previously to these 
SIX large chromosomes hvbridized 
primarily to the lissami.-.e-labeled 
probe prepared from the corre- 
sponding purified chromosomes. 
Conversely, the smallest 10 chro- 
mosomes are mainly colored green 
in this image, matching the origi- 
nal CHEF gel isolation of the chro- 
mosomes used as the hybridization probe. The 
experiment was repeated with the yeast genome 
split into SIX discrete chromosome pools contain- 
ing 2-; chromosomes per pool using CHEF gel 
eiectrophoresis. The chromosomes in each pool 
were extracted from the gel, amplified, and fluo- 
rescentjv labeled. The six chromosome pools 
were hvbridized to six separate yeast arrays. 
Forn-.four k clones gave a positive hvbndization 
signal on all six arrays indicating that they con- 
tain veast repetitive sequences (data not shown). 
These 44 clones and 10 clones with very weak 
hybridization signals were not included 'in the 
data set used to produce this karyorype. 

There were -40 anomalous clones, which ap- 
pear in this karyorype representation as green 
bands on the otherwise red chromosomes or red 
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figure 2 Computer-generated ideogram repre- 
senting a karyotype of S. cerevisioe, based on the 
normalized hybridization signals from the array 
shown in Fig. 1 . Note that the 6 largest chromo- 
somes are mainly red and the 10 smallest chromo- 
somes are main^ green. Black stnpes represent in- 
tervals not represented by clones in the array or for 
which the corresponding clones gave false-negative 
hybridization signals. 

bands on the otherwise green chromosomes. 
Four randomly chosen examples of these anoma- 
lous clones were analyzed by hybridizing the 
clones to vertical strips cut from a Southern blot 
of CHEF gel-separated yeast chromosomes. In 
each case, the hybridization patterns of the 
anomalous clones corroborated the chromo- 
somal locations assigned by the microarray hy- 
bridization results (data not shown). Two clones 
that were thought to map to the 10 smallest chro- 
mosomes were found to hybridize preferenriallv 
to the probe represenring the 6 largest chromo- 
somes and thus appear as anomalous red bands 
on the karyotype. Both hybridized to one of the 
SIX largest chromosomes on the Southern bloi. 
Similarly, two clones that appear as anomalous 
green bands on the karyot^'pe were found to hy- 
bridize to one of the 10 smallest chromosomes on 
the Southern blot. Thus, the anomalous clones 
are probably the result of sample tracking errors 
or, possibly, of errors in the published restriaion- 
digest-based physical map on which the karvo- 
r\pe representation was based (Riles et al. 1993). 

DISCUSSION 

The DNA microarray hybridization system re- 
ported here is conceptually and functionally 



MICROARRAYS FOR ANALY7INC COMPLEX DSA SAMPLES 

Similar to fluorescent in situ h^tndization (FISH ) 
to meiaphase chromosomes, with three impoi- 
tant differences. First, the target elements of the 
miaoarrays can, in pnnciple, be anv length or 
composition, from megabase YAC clones or mi- 
CTodisseaed chromosome bands to indindual 
cDNA clones, to shon oligonucleotides. This ver- 
satUit}' allows the user to choose charaaeristics, 
such as the mapping resolution and genetic com- 
plexity of each array element, to sun a particular 
application. Second, the hybridization signals are 
localized to discrete elements of known size and 
location, making them easier to identify and 
quantitate than the hybridization signals' from 
inegulariy shaped metaphase spreads. Third, mi- 
croarrays are more consistent and potentially 
amenable to automated production, hybridiza- 
tion, and data analysis than metaphase spreads. 

Arrays of DNA samples on porous mem- 
branes, for example, dot blots, have long been 
used as a basic tool in molecular biology. Dot- 
blot membranes are usually at least 8 x 12 cm in 
size, require the use of milliliter volumes of hy- 
bridizarion solution, and are limited, owng to 
autofluorescence and scattering, to radioactive, 
chemiluminescent, and colorimetric hybridiza^ 
tion detection methods (Ross et al. 1992). Miao- 
an-ays made on glass surfaces, on the other hand, 
can be mass-produced and are comparatively in- 
expensive, convenient, and compatible with 
fluorescent hybridization deteaion methods. 
Furthermore, a glass surface, when appropriately 
treated, has very low nonspecific binding of la- 
beled hybridization probes, resulting in lower 
backgrounds than are encountered typically with 
porous membranes. For hybridizations with very 
complex probes, the concentration of the labeled 
probe DNA is a limiting faaor in the sensitivity 
of the assay. Minimizing the volume of the probe 
solution in a hybndizatjon, by restricting the tar- 
get to a small area and by using a nonporous 
substrate, makes it praaicai to achieve very high 
probe concentrations. 

One important advantage of fluorescently la- 
beled probes is that, unlike most radioaaive and 
chemiluminescent signals, fluorescent signals do 
not disperse and therefore allow for very dense 
array spacing. A unique, and probably the most 
imponant, advantage of fluorescent probes is 
that the hybridization signals from two or more 
differently labeled probes hybridized to the same 
target element can be detected separately. In this 
way, two-color hybridization detection allows for 
a direct and quantitative comparison of the 
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abundance of specific sequences between two 
probe mixtures that are hybndized competitivelv 
to a single anay. The absolute intensity of a hv- 
bndization signal at a panicular element in an 
array can vary owing to experimental faaors 
such as variations in the amount of DNA depos- 
ited on the array, variations in the hybridization 
or wash conditions between experiments, or 
variations in the hybridization charaaeristics of 
the different DNA sequences on the arrav. The 
ratio of the two signals at any element in an ar- 
ray, however, is relatively insensitive to these 
confounding factors because they affect both 
probe mixtures equivalently. This ratio therefore 
accurately reflects the relative abundance of the 
cognate sequence in the two probe samples. This 
is the principle underlying the technique of com- 
parative genomic hybridization (CGH), which is 
used to detea changes in the copy number of 
specific chromosomes or chromosomal regions 
(Kallioniemi et al. 1992). CGH is based on mea- 
sunng the relative fluorescent hybridization in- 
tensities of two genomic-complexity hybridiza- 
tion probes, for example, probes representing ge- 
nomic DNA from normal and affected tissue 
samples, which are labeled with two distina fluo- 
rophores and hybridized simultaneously to a 
meraphase spread. DNA microanay representa- 
tions of the human genome may provide a more 
convenient and higher resolution alternative to 
metaphase chromosomes for CGH. 

Cross-hybridization between related se- 
quences is an important problem faced by any 
hybridization-based assay, including the DNA 
microanay assay described here. Studies are now 
in progress to quantitate the extent of cross- 
hybridization between related sequences of vary- 
ing homology and length, in DNA microarray 
hybndizations. The stringency of hybridization 
and washing can be controlled by varying the salt 
concentration and temperature as in conven- 
tional membrane-based hybridizations. Cross- 
hybridization caused by repetitive sequences can 
be minimized by prehybridization of the probe or 
array with vast excess of unlabeled copies of the 
repetitive sequences. 

Alternative methods have been described for 
mak:ng microarrays of very short DNA se- 
quences, involving photolithography (Pease et 
al. 1994) or physical masking (Maskos and South- 
em 1992) methods. These in situ synthesis meth- 
ods are inherently limited to low complexity ar- 
ray elements consisring of oligonucleotides. For 
complex-probe hybridizations, the specificity of 



hybridization is improved by using DNA frag, 
ments substantially longer than oligonucleo. 
tides. Moreover, the in situ s>7ithesis approaches 
to array fabrication depend on pnor knowledge 
of the sequence to be recognized by each arrav 
element. The approach described here makes mi- 
CToarrays b>' transfcmng tiny volumes of DNA 
samples from miaowell storage plates to a solid 
substrate. Thus, nucleic acids (or other mol- 
ecules) of vimially any .ength or any origin can 
be arrayed, and knowiecge of their sequences is 
not required. 

The arrays used in these experiments do not 
represent the maximal achievable densitv of ele- 
ments. We have found that the spacing between 
the spots can be decreased by shrinking the con- 
taa area of the printing rip and by increasing the 
hydrophobidty of the glass surface. Microarrays 
v\1th lOO-^im feature size have been tested suc- 
cessfully in pilot experiments (data not shown). 
Assuming the projeaed availability of the appro- 
priate physically mapped human genomic clones 
(Hudson et al. 1995), arrays at lCX)-M.m spacing 
would allow for 10,000 discrete intervals of the 
human genome to be represented in a l<m^ ar- 
ray. Such an array could be used for mapping at a 
resolution of <0.5 Mb. Experiments are in 
progress to explore the feasibility of such arrays. 
Our initial morivarion for developing these 
miaoarrays arose from the need for abundant 
and inexpensive genomic arrays for genomic 
mismatch scanning (CMS) (Nelson et al. 1993), a 
method of genetic linkage analvsis based on 
identification of the regions of "idenrity by de- 
scent" between affected relative pairs using a 
single complex-probe hybridization to an array 
of genomic clones. Expenments using these ar- 
rays to map quantitarive trait loci in yeast by 
GMS are currently in progress (J. deRisi, D. Lash- 
kari, L Penland, L. McAllister, J. McCusker, R. 
Davis, and P.O. Brown, unpubl.). 

Microarrays of cDNA clones, prepared using 
the system described here, have been used for 
quantitative monitoring of gene expression pat- 
terns in Arabidopsis (Schena et al. 1995), S. cerevi- 
siaf (D. Lashkari, J. deRisi, L. Penland, P.O. 
Brown, and R. Davis, unpubl.), and human tis- 
sues G. deRisi. M. Bittner, P. Meltzer, L. Penland, 
J. Trent, and and P.O. Brown, unpubl.). We an- 
ticipate that DNA microarrays of the kind de- 
scribed here will be usehil in additional applica- 
rions for which conventional dot blots, high- 
density gridded arrays on porous membranes, or 
FISH are currently used. These potential applica- 
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tions include comparative genomic hybridiza- 
tion fKallionicmi et al. 1992), sequencing by hy- 
bridization fDrmanac et al. 1993), physical map- 
ping of cloned or amplified sequences (Billings et 
al. 1991 J, and economical distribution of re- 
agents for integrated genetic and phx-sical map- 
ping based on a common set of arrayed clones 
(Zehetner and Lehrach 1994). 

METHODS 

AmphTication of Target DNA Elements 

The array cJements were prepared from phx'sicalJy mipp^ 
k clones fRiies et al. 1993). The k cioncs were amplihed 
using randomly pnmed poJ>Tneras« chain reaction (PCR) 
based on published and unpubhshed protocols (Bohlander 
et al. 1992; S. Nelson, unpubl.). The phage Jysates were 
amplihed in a lO-^-I PCR reaction using 5 hna) concen- 
tration of pnmer A (GCTATCTrCAAGATCANTCKNNN), 
200 dSTPs, and 1 unit of Taq pohTnerase. Round A 
consisted of five cycles at 94'C for 1 min. 25*C for 1.5 nun. 
25-72*C over 7 min, and 72'C for 3 mm using Taq poly- 
merase (BMBj. For round B, the reaaion volume was 
brought up to 100 mJ for a final concentration of 2 of 
pnmci B fGCTATCrrCAAGATCAj, 200 »im dNTPs, and 4 
units of Taq poi>Tn erase. Round B consisted of 30 cycles of 
94"C for 1 mm, S6*C for 2 min, and 7rC for 3 nun. The 
ampIificat3on was performed in 96-well plates using crude 
phage tysates as the templates, resulting in an amplihca- 
non of both the 35-l:b x veaor and the 5-kb to 15-kb yeast 
insert sequences as a distribution of PCR produas berween 
250 bp and 1500 bp m length. 

The PCR products were purified and transferred into 
TE flO mM Tns. 1 mM EDTA at pH 8.0i buffer using Sepha- 
dex G50 gel filtration (Pharmacia) and evaporated to dry- 
ness at room temperature ovcmighi. Each of the 864 am- 
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Microscope 



Figure 3 The layout of the arraying machine. All motions are under computer 
control. For more details of the arraying machine, see web page http;// 
cmgm.stanford.edu/pbrown. 



phfied k clones was rehvdrated m 15 nl of 3x SSC 
(20 X SSC - 3 M \aa. 0.3 u atratcj in preparation to: 
sponmg onto the glass under normal room temperature 

condiDons. 



Preparation of DNA Microarrays 

The miCToan-an were Ubncited on poK-i-lvsme coated 
miaoscope slides (Sigma). A custom-built ananng ma- 
chine, consisting of four tweczer-hke printing tips 
mounted 9 mm apan on a computerontrolled robotic 
stage (Shaion 1996). ioaded 1 u.1 of the concentrated PCR 
product direciJy from coaesponding clusters of four wdis 
of 96-wel) storage plates and deposited -5 nl of each 
sample onto each of 40 slides. Surface tension loaded the 
sample into the pnnnng np directly from the miaowell 
plate and held the sample in the np dunng the pnnnng 
opcranon. Pnnnng n-as ach)e%'ed b>' lightly tapping the tip 
against the glass surface. The open-capillar>- design a), 
lowed for rapid nnsing and drying of the ops between 
samples. Figure 3 shon-s the layout of the ananng ma- 
chine. Figure 4 shows a detailed vien- of the four pnnting 
nps and the staggered pnnnng panem on the miaoscope 
slides. Adjacent samples were spotted 380 ujn apart on the 
slides. After each set of four samples was pnnted onto 40 
slides, the pnnnng ap$ were nnsed with a let of water for 
2 sec and then dned b\' lowenng the nps onto a sponge for 
2 sec. The process his repeated for all 864 samples and 
eight control spots. 

After the sporting operation was complete, the slides 
were rehvdrated in a humid chamber at room temperature 
for 2 hr.' baked in an 80^ vacuum oven for 2 hr, then 
nnsed in 0.1% sodium dodecy-I sulfate (SDSl to remove 
unadsorbed DNA. To reduce nonspecihc adsorpnon of the 
labeled h\'bndization probe to the poly-i-h-sme coated 
glass surface, the slides were treated with succinic anhy- 
dndc. One gram of succmic anhydnde was dissolved in 
100 ml of l-methy].2-p\Trolidinone and then 100 ml of 
0.2 M bone aod tpH 8.0) was 
added. The arrays were soaked in 
this solution for 10 mm and then 
rinsed in distilled water four 
times for 5 mm each. Immedi- 
ately before use, the arrayed DNA 
elements were denatured by plac- 
ing the slide in distilled water at 
90*C for 2 mm. 



Amplification and Labeling 
of Hybridiiation Probe 

The 1 6 chromosomes of Saccharth 
mvc« crrrvisiae were separated us- 
ing a contour-clamped homoge- 
neous eiearic field (CHEF) aga- 
rose gel apparatus (Bio-Rad) (Chu 
et al, 1986). The 6 largest chromo* 
somes were isolated in one gc) 
slice and the smallest ten chro- 
mosomes m a second gel slice. 
The DNA from each slice was re- 
covered using a geJ extramon kit 
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Pnnung ups ^ ^ 




Microscope slide 

Figure 4 A close-up view of the four open- 
capillary printing tips. The ups are 9 mm apart and 
fit into four adjacent wells of a standard microwell 
plate and print arrays in a staggered fashion on mi- 
croscope slides. For more details of the pnnting tips, 
see web page http://cmgm.stanford.edu/pbrown. ' 



(Qiagen) and randomly amplified in a manner similar to 
that used in amplifying the urgei k clones (Grothucs et al. 
1993). The mam difference between this amplification 
procedure and the one used for the k array eicmcno is a 
filtration step between rounds A and B to remove pnmer- 
dimers and the use of a random 9-mer 3' end on pnmcr \. 
Following ampUficanon. 2.5 M>g of each of the amplified 
chromosome pools were separately random-pnmer labeled 
using Klenow polymerase (Amersham) with a lissamine- 
coniugated nucleotide analog (E)uPont NLV) for the pool 
containing the 6 largest chromosomes and with a fluores- 
cein<oniugated nucleotide analog (BMB) for the pool con- 
taining the smallest 10 chromosomes. The two fluores- 
cent-labeled pools were mued and concentrated usmg an 
ulirafiltranon device (Amicon). 



Hybridization 

Five miaograms of the hybnduauon probe, consisong of 
both chromosome pools m 7.5 mJ of Tt, was denatured m 
a boiling water bath and then snap-cooled on ice. Concen- 
trated hybndization soiunon (2.5 was added to a final 
concentration of 5x SSC/0.1% SDS. The enure 10 ^J of 
probe soiunon was transferred to the array surface, covered 
with a coverslip. placed in a custom-buiit single-slide hu- 
miditv chamber, and mcubated m a 6CrC water bath for 12 
hr. The custom-built waterproof slide chamber has a cavity 
lust slightly bigger than a miaoscope slide and was kept at 
100% humidity internally by the addition of 2 >aJ of water 
in a comer of the chamber. The slide was nnsed in 5 x 
SSC/0.1% SDS for 5 mm and then in 0.2 x SSC/0.1% SDS 
for 5 min. AU nnses were at room temperature. The array 
was then air dried, and a drop of antifade (Molecular 
Probes) was applied to the array under a 24-mm x 30-mm 
coverslip in preparanon 'or scanning. 



Deteaion and Analysis 

A custom-built laser scanner was used to detect the two- 



color Huorescence hybridiiation signals from i g 
cm X i.^m arra)^ at ZO^mn resolution. The glass sub- 
sirate slide was mounted on a compuier-controlled. r>.o. 
axis rransianon stage (PM-SOC \eH-pon. Irvine. CA) that 
scanned the arrav over an upward-facing miaoscope ob- 
lectjve i20x. 075NA Ruor. .Vikon. MeMlle. M") m a bi- 
directional raster panem. A water<ooled .Argon/ ICnpton 
laser (Innova 70 Speamm. Coherent. Palo AJto. CA). op- 
erated in multiline mode, allowed for simultaneous spea- 
men illumination at 488.0 nm and 568.: nm. These two 
lines were isolated b%- a 488/568 duaJ-band c.xntation filter 
(Chroma Technolog>-. Bratileboro. \Tl. An epinuores- 
ccnce conhguranon w\th a dual-band 488/568 pomarx- 
beam spliner (Chroma) exated both fluorophorcs simul- 
taneously and directed fluorescence emissions toward the 
two-channel deteaor. Emissions were split bv a secondare' 
dichroic mirror with a 565 transition wavelength onto two 
multialkali cathode photomulnplicr tubes (PMT; R928 
Hamamatsu. Bndgewater. NJ). one wxih an HQS35/50 
bandpass bamcr filter and the other with a D630/60 band- 
pass bamer filter (Chroma). PreampUfied PVa signals were 
read into a personal computer usmg a 12-bit anaiog.to- 
digital conversion board (101-834. Analog Devices. Nor- 
wood. MA), displayed m a graphio %nndow, and stored to 
disk for hjnhcr rendenng and analvsis. The back aperture 
of the 20 X objeaive was deUberaicIv underfilled bv the 
illuminating laser beam to produce a large -diameter lliu- 
minating spot at the specimen S>Lm to lO-^m half- 
width). Suge scanning veloaty wi: . OO mm/sec, and PKfT 
signals were digitized at 100 usee intervals. Two successive 
readings were summed for each puel. such that pixel spac- 
ing m the final image was 20 ^m. Beam power at the 
spenmen was -5 mW for each of the two lines. 

The scanned image was despeckied using a graphics 
program (Hnaak Graphics Suite) and then analyzed using 
a custom image gnddmg pK>gram that created a spread- 
sheet of the average red and green hybndization intensi- 
ties for each spot. The red and green hybndization inten- 
sines were correaed for optical cross talk between the fluo- 
rescein and hssamme channels, using experimentallv 
determined cocfficicnu. 
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Conmbuted try Ronald W Davis, December 27, ]996 

ABSTRACT cDNA microarray technology is tis«d to profile 
complex diseases and discover novel disease-related genes. In 
inflammatory disease such as rheumatoid arthritis, expression 
patterns of divene cell types contribute to the pathology. We 
have monitored gene expression in this disease state with a 
microarray of selected human genes of probable signlflcancx in 
inflammation as well as with genes expressed in peripheral 
human blood cells. Messenger RNA from cultured macrophages, 
chondrocyte cell lines, primary chondrocytes, and synoviocytes 
provided expression profiles for the selected cytokines, cherao- 
kines, DNA binding proteins, and matrix-degrading metal- 
loproteinases. Comparisons between tissue samples of rheuma- 
toid arthritis and inflammatory bowel disease verified the in- 
volvement of many genes and revealed novel participation of the 
cytokine interleukin 3, chemokine Groa and the metal- 
loproteinase matrix metallo-elastase in both diseases. From the 
peripheral blood library, tissue inhibitor of metalloproteinase 1, 
ferritin light chain, and manganese superoxide dismutase genes 
were identified as expressed difTerentially in rheumatoid arthri- 
tis compared with inflammatory bowel disease. These results 
successfully demonstrate the use of the cDNA microarray system 
as a general approach for dissecting human diseases. 



The recently described cDNA microarray or DNA-chip tech- 
nology allows expression monitoring of hundreds and thou- 
sands of genes simultaneously and provides a format for 
identifying genes as well as changes in their aciiviiy (1, 2). 
Using this technology, two-color fluorescence patterns of 
differential gene expression in the root versus the shoot tissue 
of Arabidopsis were obtained in a specific array of 48 genes (1 ). 
In another study using a 1000 gene array from a human 
peripheral blood library, novel genes expressed by T cells were 
identified upon heat shock and protein kinase C activation (3). 

The technology uses cDNA sequences or cDNA inserts of a 
library for PCR amplification that are arrayed on a glass slide with 
high speed robotics at a density of 1000 cDNA sequences per cm^. 
These microarrays serve as gene targets for hybridization to 
cDNA probes prepared from RNA samples of ceils or tissues. A 
two<olor fluorescence labeling technique is used in the prepa- 
ration of the cDNA probes such that a simultaneous hybridization 
but separate detection of sigjials provides the comparative anal- 
ysts and the relative abundance of specific genes expressed (L 2). 
Microarrays can be construaed from specific cDNA clones of 
inicrcsu a cDNA library, or a sclea number of open reading 
frames from a genome sequencing database to allow a large-scale 
funcuonal analysis of expressed sequences. 
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Because of the wide spearum of genes and endogenous 
mediaton involved, the microarray technology is well suited 
for analyzing chronic diseases. In rheumatoid anhriiis (RA), 
inflammation of the joint is caused by the gene products of 
many different cell types present in the synovium and cartilage 
tissues plus those infiltrating from the circulating blood. The 
autoimmune and inflammatory nature of the disease is a 
cumulative result of genetic susceptibility factors and multiple 
responses, paracnnc and autocrine m nature, from macro- 
phages, T cells, plasma ceils, neutrophils, synovial fibroblasts, 
chondrocytes, etc. Growth factors, inflammatory cytokines 
(4), and the chemokmes (5) are the important mediators of this 
inflammatory process. The ensuing destruction of the canilage 
and bone by the invading synovial tissue includes the aaions 
of prostaglandins and leukothenes (6). and the matru degrad- 
ing metalloproteinases (MMPs). The MMPs are an imponant 
class of Zn-dependent metallo-endoproteinases that can col- 
lectiveiy degrade the proteoglycan and collagen components of 
the connective tissue matrix (7). 

This paper presents a study in which the involvement of 
select classes of molecules in RA was examined. Also inves- 
tigated were 1000 human genes randomly selected from a 
peripheral human blood cell library. Their differential and 
quantitative expression analysis in cells of the joint tissue, in 
diseased RA tissue and in inflammatory bowel disease (IBD) 
tissues was conducted to demonstrate the utility of the mi- 
croarray method to analyze complex diseases by their pattern 
of gene expression. Such a survey provides insight not only into 
the underlying cause of the pathology, but also provides the 
opportunity lo selectively target genes for disease intervention 
by appropriate drug development and gene therapies. 

METHODS 

Microarray Design, Development, and Preparation. Two ap- 
proaches for the fabrication of cDNA microarrays were used in 
this study. In the first approach, known human genes of probable 
significance in RA were identified. Regions of the clones, pref- 
erably 1 kb in length, were seleaed by their proximity to the 3' end 
of the cDNA and for areas of least identity to related and 
repetitive sequences. Primers were synthesized to amplify the 
target regions by standard PCR protocols (3). Products were 



Abbreviations: RA. rheumatoid arihntis; MMP, matrix-degradini 
metalloproicinase: IBD, inflammatory bowel disease; LPS, lipopoly- 
sacchandc; PMA. phorbol 12-mynstate 13-acetate; TNF-a» tumor 
necrosis factor a; 111, interleukin; TGF-^, iransformmg growth factor 
0; GCSF, granulocyte colony-siimulating factor; MIP. macrophage 
inflammatory protein; MIF. migration inhibitory factor; HME, human 
matru mctallo-elastase; R ANTCS. regulated upon activation, normal 
T celt expressed and secreted; Gel, gciatinase; VCAM, vascular cell 
adhesion molecule; ICE, IL-1 convening cnrymc; PUMP, putative 
metalloproteinase; MnSOD, manganese superoxide dismutase; TIMP, 
tissue inhibiior of mctalloprotcmasc; MCP, macrophage chcmotactic 
protein. 
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vcrifjcd by gel electrophoresis and punfied with Oiaquick 96-well 
punficaiion kit (Oagcn. Chaiswonh, CA), lyophilizcd (Savant), 
and resuspended in 5 aJ of 3 x standard sabne airate (SSC) buffer 
for arraying. In the second approach, the microanay containing 
the 1056 hunoan genes from the peripheral blood iymphocytc 
library was prepared as described (3). 

Tissue SpccimcDt. Rheumatoid synovial tissue was obtamed 
from patients with late stage classic RA undergoing remedial 
synovectomy or arthroplasty of the knee. Synovial tissue was 
separated from any associated conneaive tissue or fat. One 
gram of each synovia) speamen was subjected to RNA extrac- 
tion within 40 min of surgical excision, or explants were 
cultured in serum-free medium to examine any changes under 
m vitro conditions. For IBD, specimens of macroscopically 
inflamed lower intestinal mucosa were obtained from patients 
with Crohn disease undergoing remedial surgery. The hyper- 
trophied mucosal tissue was separated from underlying con- 
nective tissue and extracted for RNA. 

Cultured Cells, The Mono Mac-6 (MM6) monocytic cells 
(8) were grown in RPMI medium. Human chondrosarcoma 
SW1353 cells, pnmary human chondrocytes, and synoviocytes 
(9, 10) were cultured m DMEM; all culture media were 
supplemented with 10% fetal bovine scrum, 100 ^g/m\ strep- 
tomycin, and 500 uniis/ml penicillin. Treatment of cells with 
lipopoiysaccharidc (LPS) endotoxin at 30 ng/ml, phorbol 
12-mynstate 13-acetate (PMA) at 50 ng/ml, tumor necrosis 
factor a (TNF-a) at 50 ng/ml. intcrleukin (IL)-13 at 30 ng/ml, 
or transforming growth factor-^ (TGF-^) at 100 ng/mi is 
described in the figure legends. 



Fluorescent Probe, Hybridizitioiu and Scanning. Isoiaiion of 
mRNA. probe preparatioa and quantitation with Arabidopm 
control mRNAs was essentially as described (3) except for the 
following minor modification. Following the reverse iranscnptasc 
step, the appropnaic Cy3- and (>5-labeicd samples were pooled: 
mRNA degraded by heatme the sample to 65*C for 10 mm w ith 
the addition of 5 ^ of OJM NaOH plus Oi ml of 10 mM EDT/V 
The pooled cDNA was purified from unincorporated nucleotides 
by gel filtration in Centri-spin columns (Pnnceion Separations, 
Adelphia, NJ). Samples were lyophilucd and dissolved in 6 ^ of 
hybndizauon buffer (5x SSC plus 0J2% SDS). Hybndoations, 
washes, scannmg. quantitation procedures, and pseudocolor rep- 
resentations of fluorescent images have been described (3). Scans 
for the rwo fluorescent probes were normalized either to the 
fluorescence intensity of Ambuiopsts mRNAs spiked into the 
labeling reactions (see Figs. 2-4) or to the signal intensity of 
3-actin and glyccraldehyde-3-phosphatc dehydrogenase 
(GAPDH; see Fig. 5). 

RESULTS 

Ninety-Six-Gciic Microarray Desiga. The aaions of cytokines, 
growth faaors, chemokmes, transcription faaors. MMPs, pros- 
taglandins, and leukotriencs are well recognized in inflammatory 
disease, particularly RA (11-14). Fig. 1 displays the scleacd genes 
for this study and also includes control cDNAs of housekeeping 
genes such as 3-aciin and GAPDH and genes from Ambuiopsts 
for signal normalization and quantitation (row A, columns 1-12), 

Denning Microamy Assay CondiUons. Different lengths and 
concentrations of target DNA were tested by arraying PGR- 
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amplified products ranging from 02 lo 12 kb ai concentrations 
of 1 or less. No significant difference in the signal levels was 
observed within this range of target sue and only with 02-kb 
length was a signal reduced upon an &-foid diluuon of the 1 
sample (data not shown). In this study the averse length of the 
targets was 1 kb, with a few exceptions in the range of *300 bp, 
arrayed at a concentration of 1 Mg/^A- Normally one PCR pro- 
vided sufficient matcnal to fabricate up to 1000 microarray targets. 

In considering positional effects in the development of the 
targets for the microarrays, scleaion was biased toward the 3' 
proximal regions, because the signal was reduced if the target 
fragment was biased toward the 5' end (data not shown). This 
result was anticipated since the hybndizing probe is prepared by 
revcrec transcription with oligo(dT>-pnmed mRNA and is ncher 
in 3' proximal sequences. Cross-Nbridizaiions of probes to 
targets of a gene family were analyzed with the mairu metal- 



loproteinases as the example because they can shov^ regions oi 
sequence identities of greater than 70^. With collaccnasc-1 
(CoI-1 ) and collagcnasc-2 (Col-2) genes as targets wuh up to 70^ 
sequence identit)-. and siromelysin-1 (Strom- 1 ) and stromel>*sin-2 
(Strom-2) genes with different degrees of identir>. our results 
showed that a shon region of ovcriap. c\'cn with 70-90<^r se- 
quence identit). produced a lo* level of cross- hybndoaiion. 
However, shorter regions of identit\' spread over the length of the 
target resulted in cross-hybridization (data not sho*n). For 
closely related genes, targets were designed by avoiding long 
stretches of homology. For members of a gene famiK two or more 
target regions were included to discnminaic between spccificir> 
of signal versus cross-hybndizaiion. 

Monitoring DifTcrvntial Expression in Cultured Cell Lines. In 
RA tissue, the monocyte/macrophage population plays a prom- 
inent roic in phagocytic and immunomodulator>- activities. Typ- 
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Fig. 2. Time course for LPS/PMA-induccd MM6 cells. ArT3y elements are descnbed m Fig. 1. {A ) Pseudocolor representations of fluorescent 
scans correspond to gene expression levels at each time point. The anay is made up oi SArabtdopsu control targets and 86 human cDNA targets, 
the majonty of which are genes with known or suspected involvement in inflammation. The color bars provide a comparative calibration scale 
between arrays and are derived from the Ambidopsis mRNA samples that arc introduced in equal amounts during probe preparation. Fluorescent 
probes were made by labeling mRNA from untreated MM6 cells or LPS and PMA treated cells. mRNA was isolated at indicated times after 
induction. (B I~llf) The two<olor samples were cohybndizcd, and microarray scans provided the data for the levels of select transcripts at different 
lime pomis relative to abundance at time zero. The analysis was performed using normalized data collected from 8-bit images. 
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icalJy these cells, when triggered by an immunogen, produce the 
proiofUmmatroy cytokines TNF and IL-1. We have used the 
monoc>'te cell line MM6 and monitored changes m gene expres- 
sion upon aan^tion with LPS endotoxin, a component of Gram- 
negative baaenal membranes, and PMA, which augments the 
anion of LPS on TNF production (15). RNA was isolated at 
different limes after inducuon and used for cDNA probe prep- 
aration. From this time course it was dear that TNF expression 
was induced within 15 mm of treatment, reached maximum levels 
in 1 hr. remained high until 4 hr and subsequently declined (Fig, 
24). Many other cytokine genes were also transiently aaivaied, 
such as IL-lo and IL^, and granulocyte colony-stimulaung 
faaor (GCSF). Prommeni chemokmes activated were IL-8, mac- 
rophage inflammatory protein (MIP)-ip, more so than MlP-la, 
and Groa or melanoma growth stimulatory factor. Migration 
inhibitory faaor (MIF) expressed in the uninduccd slate declined 
in LPS-activaicd cells. Of the immediate early genes, the notice- 
able ones were c-fos^fra-J, c-jun, NF-#cBp50.'and UB, with c-rrl 
expression observed even in the uninduced state (Fig. 2B). These 
expression patterns arc consistent with reported patterns of 
activation of cenam LPS- and PMA-induced genes (12). Dem- 
onstrated here IS the unique ability of this system to allow parallel 
visualization of a large number of gene activities over a period of 
lime. 

SV/1353 cells is a line derived from malignant tumors of the 
cartilage and behaves much like the chondrocytes upon stim- 
ulation with TNF and IL-1 in the expression of MMPs (9), In 
addition to confirming our earlier observations with Northern 
blots on Strom-1, CoM. and Col-3 expression (9), gelatinase 
(Gel) A, putative metalloproteinasc (PUMP)-l membrane- 




Fig. 3. Time coune for lL-13 and TNF-induced SW1353 cells 
using the innamm»iion array (Fig. 1). (/<) Pseudocolor rcprcscntanon 
of fluorescent scans correspond to gene expression levels at each time 
poini. {BJ^IV) Relative levels of selcaed genes at different time poinu 
compared with time zero. 
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type matrix metalloproteinase. tissue inhibitors of matrix 
metalloproieinascs or tissue inhibitor of mcialloproiemasc 1 
(TlMP-1 ). -1 and -3 were also expressed by these cells toeeihcr 
with the human matru meiallo-elasiasc (HME: Fig. lA ). HME 
induaion was estimated to be -50-fold and was greater than 
any of the other MMPs examined (Fig. 3BY This result was 
unexpected because HME is reportedly expressed onK bv 
aNeolar macrophage and placental cells (16). Expression of 
the cytokines and chemokmes. IL-6. IL-8. MIF. and MIP-1^ 
was also noted. A vanety of other genes, including cenain 
transcription factors, were also up- regulated (Fig. I), but the 
overall timc-dcpcndent expression of genes in the SW1353 
cells was qualitatively distinct from the MM6 celis. 

Ouantiiaiion of differential gene expression (Figs. IB and 
3S) was achieved with the simultaneous hybridization of 
Cy3-labeled cDNA from untreated cells and Cy5-labelcd 
cDNA from treated samples. The estimated increases in 
expression from these microarravs for a select number of genes 
including IL-10. IL-S. MIP-l^'. TNF, HME, Col-l. Col-3, 
Strom-l, and Strom.2 were compared with data collected from 
dot blot analysis. Results (not shown) were in close agreement 
and confirmed our earlier observations on the use of the 
microarray method for the quantitation of gene expression (3 ). 

Expression Pronies in Primary Chondrocytes and Synovio- 
cyies of Hamao RA Tissue. Given the sensitivity and the 
spcdfidty of this method, expression profiles of primary 
synoviocytes and chondrocytes from diseased tissue were 
examined. Without prior exposure to inducing agents, low level 
expression of c-yun. GCSF. IL.3, TNF-^, MIF. and RANTES 
(regulated upon activation, normal T cell expressed and se- 
creted) was seen as well as expression of MMPs, GelA. 
Strom-1, CoI-1. and the three TIMPs. in this case, Col-2 
hybridization was considered to be nonspecific because the 
second Co!-2 target taken from the 3' end of the gene gave no 

A Human synovi«t ti&ro&lastt B Human articular chondrocytes 




Fic. 4. ExpressKjn profiles for early passage pnmary synoviocytes and 
chondrocytes isolated from RA tissue, cultured in the presence of 10% 
fetal calf serum and activated with PMA and or TNF and IL-lft 

or TGF-3 for 18 hr. The color ban provide a comparatrvc calibration ira lf 
between arrays and are derived from xhzAnbulcpns mRNA sampio that 
are introduced in equal amounts dunng probe preparation 
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signal. Treatment more so with PMA and IL-1, than TNF and 
IL-1, produced a dramatic up-regutation in expression of 
several genes m both of these primary cell types. These genes 
are as follows: the cytokine IL-6. the chemokines IL*8 and 
Gro-la. and the MMPs; Strom-1, CoI-1, Col-3, and HME: and 
the adhesion molecule, vascular cell adhesion molecule 1 
(VCAM-1). The surprise again is HME expression in these 
pnmary ceils, for reasons discussed ahovc. From these results, 
the expression profiles of synoviocytes and the chondrocytes 
appear very similar: the differences are more quantitative than 
qualitative. Treatment of the pnmary chondrocytes with the 
anabolic growth factor TGF*0 had an interesting profile in that 
it produced a remarkable down-regulation of genes expressed 
in both the untreated and induced state (Fig. 4). 

Given the demonstrated effectiveness of this technology, a 
comparative analysis of two different inflammatory disease 
states was conducted with probes made from RA tissue and 
IBD samples. RA samples were from late stage rheumatoid 
synovial tissue, and IBD specimens were obtained from in- 
flamed lower intestinal mucosa of patients with Crohn disease. 
With both the 96-elemcnt known gene microarray and the 
1000-gcne microarray of cDNAs selected from a peripheral 
human blood cell library (3), distinct differences in gene 
expression patterns were evident. On the 96-gene array, RA 
tissue samples from different affected individuals gave similar 
profiles (data not shown) as did different samples from the 
same individual (Fig. 5). These patterns were notably similar 
to those observed with primary synoviocytes and chondrocytes 
(Fig. 4). Included in the list of prominently up-regulated genes 
are IL-6, the MMPs Strom-h Col-1, GelA, HME, and in 
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Fig. 5. Expression proftles of RA tissue (A) and IBD tissue (B). 
mRNA from RA tissue samples obtained from the same mdividual was 
isolated directly after cxasion (RA 21SA) or mamiamed in culture 
without scrum for 2 hr (RA 21 JB) or for 6 hr (RA 215C). Profiles 
from tissue samples of two other individuals (data not shown) were 
remarkably similar to the ones shown here. IBD-A and IBD-CI arc 
from mRNA samples prepared directly after surgery from two sepa- 
rate individuals. For the IBD-CII probe, the tissue sample was cultured 
in medium without scrum for 2 hr before mRNA preparation. 



certam samples PUMP, TIMPs, panicuiarly TIMP-i and 
TIMP-3. and the adhesion molecule VCAM. Discernible levels 
of macrophage chemotaaic protem 1 (MCF-1), MIF and 
RANTES were also noted. IBD samples were m comparison, 
rather subdued although IL-1 convening enrvmc (ICE). 
TIMP-1. and MIF were notable m all the three different IBD 
samples examined here. In IBD-A. one of three individual 
samples. ICE VCAM, Groa. and MMP expression was more 
pronounced than in the others. 

We also made use of a peripheral blood cDNA library (3) 
to identify genes expressed by iymphocvies infiltrating the 
inflamed tissues from the circulating blood. With the 1046- 
ciement array of randomly selected cDNAs from this library, 
probes made from R A and IBD samples showed hybridizations 
to a large number of genes. Of these, many were common 
between the two disease tissues while others were differentially 
expressed (data not shown). A complete survey of these genes 
was beyond the scope of this study, but for this repon wc 
picked three genes that were up-rcgulaied in the RA tissue 
relative to IBD. These cDNAs were sequenced and identified 
by comparison to the GenBank database. They arc TIMP-1, 
apoferritm light chain, and manganese superoxide dismutasc 
(MnSOD). Differential expression of MnSOD was only ob- 
served in samples of RA tissue explants maintained in growth 
medium without serum for anywhere between 2 to 16 hr. These 
results also indicate that the expression profile of genes can be 
altered when explants are transferred to culture conditions. 

DISCUSSION 

The speed, ease, and feasibility of simultaneously monitoring 
differential expression of hundreds of genes with the cDNA 
microarray based system (1-3) is demonstrated here in the 
analysis of a complex disease such as RA. Many different cell 
types in the RA tissue; macrophages, lymphocytes, plasma cells, 
neutrophils, synoviocytes, chondrocytes, etc. are known to con- 
tribute to the development of the disease with the expression of 
gene products known to be proinflammatory. They include the 
cytokines, chemokines, growth faaors, MMPs, eicosanoids, and 
others (7, 11-14), and the design of the 96-element known gene 
microarray was based on this knowledge and depended on the 
availability of the genes. The technology was validated by con- 
firming earlier observations on the expression of TNF by the 
monocyte cell line MM6, and of Col- 1 and Col-3 expression in the 
chondrosarcoma cells and articular chondrocytes (9. 12). In our 
time-dependent survey the chronological order of gene aaivities 
in and between gene families was compared and the results have 
provided unprecedented profiles of the cytokines (TNF, IL-1. 
IL-6. GCSF. and MIF). chemokines (MIP-1q. MIP-1/3. IL-8, and 
Gro-1). cenam iranscnption factors, and the matrix metal- 
loproicmascs (GclA, Strom-1, Col-1, CoI-3. HME) in the mac- 
rophage cell Imc MM6 and in the SW1353 chondrosarcoma cells. 

Earlier reports of cytokine production in the diseased state had 
established a model in which TNF is a major panicipant in RA. 
Its expression rcponedly preceded that of the other cytokines and 
effector molecules (4). Our results strongly suppon these results 
as dcmonsiraicd in the time course of the MM6 cells where TNF 
induction preceded thai of IL-1 a and IL-0 followed by IL-6 and 
GCSF. These expression profiles demonstrate the utility of the 
microarrays in determining the hicrarachy of signaling events. 

In the S WI353 chondrosarcoma cells, all the known MMPs and 
TIMPs were examined simultaneously. HME expression was 
discovered, which previously had been observed in only the 
stromal cells and alveolar macrophages of smoker's lungs and in 
placental tissue. Its presence in cells of the RA tissue is mean- 
ingful because its' activity can cause significant destruaion of 
elastin and basement membrane components (16, 17). Expression 
profiles of synovial fibroblasts and articular chondrocytes were 
remarkably similar and not too different from the SW1353 cells, 
indicating that the fibroblast and the chondrocyte can play equally 
aggressive roles in joint erosion. Prominent genes expressed were 
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tKe MMPs. but chemokines and cytokines were also produced by 
these cells. The cffea of the anaboUc growth faaor TGF-3 was 
profoundly evident in dennonstrating the down regulation of these 
catabotic activities. 

RA tissue samples undeniably reflected profiles similar to 
the cell types examined. Aaivc genes observed were IL-3. IL-€. 
ICE, the MMPs including HME and TIMPs, chemokines IL-«. 
Groa, MIP, MIF, and RANTES, and the adhesion molecule 
VCAM. Of the growth factors, fibroblast growth faaor 0 was 
observed most frequently. In comparison, the expression 
patterns in the other inflammatory state (i.e.. IBD) were not 
as marked as in the RA samples, at least as obtained from the 
tissue samples selected for this study. 

As an ahemative approach, the 1046 cDNA microarray of 
randomly seleaed genes from a lymphocyte library was used to 
identify genes expressed in RA tissue (3). Many genes on this 
array hybridized with probes made from both RA and IBD tissue 
samples. The results are not surprising because inflammatory 
tissue is abundantly supplied with cell types infiltrating from the 
arculatmg blood made apparent also by the high levels of 
chcmokine expression in RA tissue. Because of the magnitude of 
the cffon required to identify all the hybridized genes, we have for 
this rcpon chosen to describe only three differentially expressed 
genes mainly to verify this method of analysis. 

Of the large number of genes observed here, a fair number 
were already known as aaivc paniapants in inflammatory dis- 
ease. These arc TNF. IL-1. IL-6. IL-8, GCSF. R ANTES, and 
VCAM. The novel partiapants not previously reported arc 
HME. IL-3, ICE and Groa. With our discovery of HME 
expression in RA. this gene becomes a target for drug interven- 
tion. ICE is a cysteine protease well known for its IL-1 3 proccss- 
mg aaiviry (18), and recognized for its role in apoptotic cell death 
(19). Its expression in RA tissue is mtnguing. IL-3 is recognized 
for its growth-promoting aaiviry in hematopoietic cell lineages, is 
a produa of aaivated T cells (20), and its expression in syrKjvio- 
cytes and chondrocytes of RA tissue is a novel observation. 

Like IL-8. Groa, is a C-X-C subgroup chemokine and is a 
potent neutrophil and basophil chemoattraaant. It down- 
regulates the expression of types I and III interstitial collagens 
(21. 22) and is seen here produced by the MM6 cells, in primary 
synoviocytes, and in RA tissue. With the presence of R ANTES, 
MCP. and MIP-13, the C-C chemokines (23) migration and 
infiltration of monocytes, panicularly T cells, into the tissue is 
also enhanced (5) and aid in the trafficking and recruitment of 
leukocytes into the RA tissue. Their activation, phagocytosis, 
degranulation. and respiratory bursts could be responsible for 
the mduction of MnSOD in RA. MnSOD is also induced by 
TNF and IL-1 and serves a protective function against oxida- 
tive damage. The induction of the ferritin light chain encoding 
gene in this tissue may be for reasons similar to those for 
MnSOD. Ferritin is the major intracellular iron storage protein 
and it is responsive to intracellular oxidative stress and reactive 
oxygen intermediates generated during inflammation (24, 25). 
The active expression of TlMP-1 in RA tissue, as detected by 
the 10(X>-element array, is no surprise because our results have 
repeatedly shown TIMP-1 to be expressed in the constitutive 
and induced states of RA cells and tissues. 

The suitability of the cDNA microarray technology for 
profiling diseases and for identifying disease related genes is 
well documented here. This technology could provide new 



targets for dnig development and disease therapies, and in 
doing so allow for improved treatment of chronic diseases that 
are challenging because of their complexity. 
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A number of methods have been developed to quantitate, measure the size of, 
and map the 5' and 3' termini of specific mRNA molecules in preparations of 
cellular RNA. These include: 

• Northern hybridization (RNA blotting), in which the size and amount of 
specific mRNA molecules in preparations of total or poly (A)* RNA are 
determined (Alwine et al. 1977, 1979). The RNA is separated according to 
size by electrophoresis through a denaturing agarose gel and is then 
transferred to activated cellulose (Alwine et al. 1977; Seed 1982b), nitro- 
cellulose (Goldberg 1980; Thomas 1980; Seed 1982a), or glass or nylon 
membranes (Bresser and Gillespie 1983) (see below). The RNA of interest 
is then located by hybridization with radiolabeled DNA or RNA followed by 
autoradiography. 

• Dot and slot hybridization, in which an excess of radiolabeled probe is 
hybridized to RNA that has been immobilized on a solid support (Kafatos et 
al. 1979; Thomas 1980; White and Bancroft 1982). Densitometric tracings 
of the resulting autoradiographs can allow comparative estimates of the 
amount of the target sequence in various preparations of RNA. 

• Mapping RNA using nuclease SI or ribonuclease, in which the precise 
positions of the 5' and 3' termini of the mRNA and the locations of splice 
junctions can be rigorously determined (Berk and Sharp 1977; Weaver and 
Weissmann 1979). Labeled or unlabeled RNA or DNA probes derived from 
various segments of the genomic DNA are hybridized to mRNA, often under 
conditions favoring the formation of DNAiRNA hybrids (Casey and David- 
son 1977). The products of the hybridization are then digested with 
nuclease SI or RNAase under conditions favoring digestion of single- 
stranded nucleic acids only. Analysis of the digestion products by gel 
electrophoresis yields important quantitative and qualitative information 
about the mRNA structure. 

• Primer extension, in which a small radiolabeled fragment of DNA is 
hybridized to the mRNA and used as a primer for reverse transcriptase. 
The resulting product should extend to the extreme 5' terminus of the 
mRNA, and thus the size of the product reflects the number of nucleotides 
from the position of the label to the 5' terminus of the mRNA. 

• Solution hybridization, in which the absolute concentration of the sequence 
of interest is calculated from the rate of hybridization of a small amount of 
a specific radioactive probe with a known quantity of purified cellular RNA 
(see, e.g., Roop et al. 1978; Dumam and Palmiter 1983). Alternatively, an 
excess of a radiolabeled probe is incubated with a known amount of RNA. 
The concentration of the RNA of interest can then be estimated from the 
amount of radioactivity that becomes resistant to nuclease Si (see, e.g., 
Favaloro et al. 1980; Beach and Palmiter 1981; Williams et al. 1986). 
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• Filter hybridization, in which purified cellular RNA is end-labeled with ^^p 
and hybridized to a large excess of the homologous DNA that has been 
immobilized on a solid support (Williams et al. 1986). 

Below we describe northern hybridization. Dot and slot hybridization of 
both crude and purified preparations of RNA are described beginning on page 
7.53; nuclease-Sl and RNAase analysis of specific hybrids, beginning on 
pages 7.58 and 7.71, respectively; and analysis of mRNA by primer extension, 
beginning on page 7.79. 
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